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No  science  is  more  generally  interesting  than  that  whicTi 
explains  the  common  phenomena  of  Ufe.  We  see  that  salt 
and  snow  are  both  ■white,  a  rose  red,  leaves  green,  and  the 
violet  a  deep  purple ;  but  how  few  persons  ever  ask  the  reason 
why !  "We  know  that  a  flute  produces  a  musical  sound,  and  a 
cracked  beU  a  discordant  one — that  fire  is  hot,  ice  cold,  and  a 
candle  luminous — that  water  boils  when  subjected  to  heat,  and 
fi-eezes  from  cold ;  but  when  a  child  looks  up  into  our  face 
and  asks  us  "why," — how  many  times  is  it  sUenced  with  a 
frown,  or  called  "very  foolish  for  asking  such  siUy  questions !" 
The  object  of  the  present  book  is  to  explaia  above  200O  of 
these  questions  (which  are  often  more  easily  asked  than 
answered)  in  language  so  simple  that  a  child  may  understand 
it,  yet  not  so  foolish  as  to  offend  the  scientific.  In  order  to 
secure  the  strictest  accuracy  in  the  answers,  the  most  approved 
modern  authors  have  been  consulted,  and  each  addition  has 
been  submitted  to  the  revision  of  gentlemen  of  acknowledged 
reputation  for  scientific  attainments.  Sincere  thanks  are  due 
to  the  Eev.  A.  Bath  Power,  M.A.,  P.C.S.,  of  Norwich,  and 
to  Robert  James  Mann,  M.D.,  for  their  very  careful  revision 
of  the  sbtth,  as  weU  as  for  much  useful  infonnation  in  soma 


of  the  fomer  editions  ;*  the  almost  unparalleled  success  of 
this  little  volume,  of  which  105000  copies  have  heen  printed 
since  the  year  1848,  is  an  inconti-overtible  proof  of  its  accept- 
ability. The  Author  has  spared  neither  labour  nor  expense 
to  render  his  "  G-uide  to  the  Scientific  Knowledge  of  Things 
Familiar"  instructive  and  amusing  to  the  young,  as  well  as  to 
those  of  maturer  life. 

To  teachers  of  schools  it  may  be  advisable  to  state,  that,  as 
every  question  has  been  again  and  again  submitted  to  a  most 
rigid  investigation,  no  alteration  of  the  text  -will  be  made  in 
future  editions ;  although  such  as  may  be  needful,  to  render  the 
book  most  generally  useful,  shall  be  given  by  annotations  from 
time  to  time,  as  subsequent  reprints  may  be  demanded. 

•  Mr.  Simeon  Simons,  of  Cromer,  fumislied  some  useful  hints 
for  the  second  edition :  and  C.  Lloyd,  Esq.,  of  Oswestry,  Salop,  a 
judicious  revision  of  the  fifth  edition. 


A  remarkable  instance  came  before  the  Atithor  some  time  since 
of  the  statement  made  in  the  early  part  of  this  preface.  The  con- 
versation was  about  smoke — why  it  was  black  and  not  white,  like 
the  fine  dust  of  lime.  A  little  child  who  was  present,  asked 
"  Why  is  the  kettle  so  black  with  smoke  2"  Her  papa  answered 
"Because  it  has  been  on  the  fire;"  "But,"  (urged  the  ehild) 
"what  is  the  good  of  its  being  black?"  The  gentleman  rephed, 
"  Silly  child — you  ask  very  foolish  questions — sit  down  and  hold 
your  tongue."  He  might  have  read  pp.  20C,  207, 208,  and  answered 
the  child  more  discreetly. 
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PART  I. 


HEAT. 


INTEODUCTION. 

Q-     What  is  HEAT  ? 

A.  That  which  produces  the  sensa- 
tion of  warmth. 

Q.     Sow  is  this  sensation  produced  ? 

A.  By  a  subtile  invisible  stream,  which 
flows  from  some  hotter  substance,  and 
produces  on  our  nerves  the  sensation  of 
warmth. 

Q.  Wliat  is  that  "suhtile  invisible  stream" 
tailed,  which  flows  from  the  hotter  substance? 

A.  Calo'ric.  Caloric,  therefore,  is 
the  agent,  which  produces  the  sensation 
of  warmth. 
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HEAT. 


Q.     What  is  the  principal  souece  of  heat? 

A.    The  Sun. 

Q.     What  other  soueces  of  heat  are  there? 

A.  Electricity — Chemical  Action — 
and  Mechanical  Action, 

Q.     Wliat  are  the  principal  efeects  of  heat? 

A.  Expansion,  Liquefaction,  Vapo- 
mation,  and  Ignition. 


CHAPTER  I. 

Q.  What  is  the  great  natural  souEf  li  of 
heat  ? 

A.    The  Sun. 

Q.  Why  do  bueking  glasses  set  fire  to 
substances  submitted  to  their  power  ? 

A.  Because,  when  the  rays  of  the 
sun  pass  through  the  burning  glass,  they 
are  bent  towards  one  'point,  called  the 
"focus;"  in  consequence  of  which,  the 
light  and  heat  at  this  point  are  very 
greatly  increased. 
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Q.  Do  tJie  rays  of  the  sun  ever  set  fire  to 
natural  substances,  without  the  assistance  of  a 
burning  glass  ? 

A.  No :  the  rays  of  the  sun,  even 
in  the  torridi  zone,  are  never  }iot  enough 
to  kindle  natural  substances,  unless  con- 
centrated by  a  burning  glass. 


CHAPTER  II. 

Q.     I^ame  a  second  souece  of  heat, 
A.  Electricity. 

Q.  S^ow  is  ELECTEiciTT  most  commonly 
seen  in  natuee  ? 

A.    As  lightning. 

Q.      WTiat  is  LIGHTNING  ? 

A.  Lightning  is  accumulated  electricity 
discharged  from  the  clouds. 

Q.  H^ow  many  different  kinds  of  lightning 
are  there  ? 

A.    As  there  are  two  kinds  of  elec- 

B  2 
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ELECTEICITY. 


tricity,  so  there  a^e  two  Idnds  of  light- 
ning also.        ...  /- 

Q.  What  are  the  two  kinds  ofELECTEiClTT 
called  ? 

A.  The  Vitreous  and  Resinous; — 
sometimes  the  Positive  and  Negative. 

Q.     What  causes  the  discharge  of  an  elec- 

TEIC  CLOUD  ? 

A.  One  kind  of  electricity  rushing 
from  a  cloud,  to  unite  itself  with  the 
other  kind,  either  in  another  cloud,  or 
in  the  earth.  i 

Q.  What  tahes  place  when  the  tioo  kinds  of 
electricity  meet  ? 

A.    They  neutralize  each  other. 

Q.     What  is  a  thttndeb-stoem  ? 

A.  The  disturbance  caused  in  the 
air,  when  successive  discharges  of  accu- 
mulated electricity  take  place. 

Q.  What  are  the  sources  of  the  electricity 
which  accumulates  in  the  clouds  ? 

A.  1st — Evaporation  from  the  earth  s 
surface ; 
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2ndly — The  chemical  changes  which 
take  place  in  the  earth's  surface,  and  in 
the  air ;  and 

3rdly — Probably  friction  between  cur- 
rents of  air  of  unequal  temperature, 
passing  by  each  other. 

Q.  JIoio  HIGH  are  the  LiGHTNiNa  clouds 
from  the  earth  ? 

A.  Sometimes  they  are  elevated  4  or 
5  miles ;  and  sometimes  actually  touch 
the  earth  with  one  of  their  edges :  But 
they  are  rarely  discharged  in  a  thunder 
storm,  when  more  than  700  yards  above 
the  surface  of  the  earth. 

Q.  How  do  such  ohjects  as  trees,  steeples, 
a/nvrnals,  6fc.,  help  the  discharge  of  electric  clouds  ? 

A.  They  reduce  the  distance  between 
the  electric  cloud  and  the  earth. 

Q.     Why  is  lightning  sometimes  forked  ? 

A.  Because  the  flash  is  divided  by 
certain  terresti'ial  objects  which  it  ap- 
proaches. 

Q.     Why  is  the  flash  sometimes  ziG-ZAO? 

A,    Because  lightning  condenses  the 


6  ELECTRICITY. 

air  in  the  immediate  advance  of  its  path, 
and  flies  from  side  to  side,  in  order  to 
pass  where  there  is  the  least  resistance. 

Q.     When  is  theJlasJi  steai'JHT  ?  • 

A.  When  the  distance  through  which 
i:he  flash  has  to  pass  is  sinall,  so  that  the 
air  in  advance  of  its  path  is  not  sufficiently 
condensed,  to  cause  it  to  fly  from  side  to 
side. 

Q.       What  is  SHEET  LIGHTKING  ? 

A.  The  hght  of  a  flash  reflected  in  the 
clouds,  when  the  flash  itself  is  concealed 
from  view. 

Q.  WTiaf  OTHEE  form  does  lightning  occa- 
sionally assume  ? 

A.  It  sometimes  assumes  the  globular 
form,  and  sometimes  what  is  caUed  the 
brush  form. 

This  br'.ish  discharge  is  what  is  called  "Castor  and  Pollux,"  or 
"  Elmos-fire."  Dr.  Faraday  says,  it  is  a  discharge  between  the  air 
and  some  conductor. 

The  cause  of  globular  lightning  is  not  kno-wn. 

Q.  Wk}/  does  lightning  produce  a  Jlash  when 
it  passes  through  the  aik? 
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A.  Because  the  air,  being  a  non- 
conductor, cannot  convey  it  in  an  invisible 
form. 

Q.  Does  liglitning  never  produce  a  jlash 
when  it  passes  through  a  conductoe? 

A.  No  :  electricity  passes  through  all 
conductors  in  a  quiet  and  invisible  form. 

Q.  Why  does  lightning  sometimes  kill 
men  and  beasts  ? 

'A.  Because  (when  the  electric  current 
passes  through  a  man  or  beast)  it  pro- 
duces so  violent  an  action  upon  the  nerves, 
as  to  destroy  life. 

Q.  When  is  a  person  struck  dead  hg 
lightniiig  ? 

A.  Only  when  his  body  forms  a  part 
of  the  lightnings  path;  i.e.,  when  the 
electric  fluid,  (in  its  way  to  the  earth) 
actually  passes  through  his  body. 

Q.  Whg  are  animals  sonietimes  htjut  hg 
lightning,  and  not  killed? 

A.  Because  the  amount  of  electric 
fluid  which  passes  through  their  bodies, 
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THUNDER. 


is  enough  to  injure  tliem,  but  not  to 
destroy  life. 

Q.    What  is  thunder  ? 

A.  The  noise  made  by  the  concussion 
of  the  air  when  it  closes  again,  after  it 
has  been  parted  by  the  hghtning  flash. 

A  part  of  the  noise  is  owing  to  certain  physical  and  chemical 
changes  i)io(iuced  in  the  all'  by  the  electric  fluid. 

Q.     JVhy  is  thtjndeb  sometimes  one  tast 

CEASH  ? 

A.  Because  the  hghtning-cloud  is 
f?^a7*the  earth,  so  that  all  the  vibrations 
of  the  air  (on  which  sound  depends) 
reach  the  ear  at  the  same  moment,  and 
seem  like  one  vast  sound. 

Q.  Will/  is  ihe  peal  sometimes  an  irtEEGU- 
LAB  broken  eoae  ? 

A.  Because  the  hghtning-cloud  is  a 
long  way  off;  and  as  some  of  the  vibra- 
tions of  the  air  have  further  to  travel  than 
others,  they  reach  the  ear  at  different 
times,  and  produce  a  continuous  sound. 
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Q,     Wliich  vibrations  will  he  soojtest  heard? 

A.  Those  produced  in  the  lowest  por- 
tions of  the  air. 

Q.  Why  will  those  vibrations  be  heard  piest, 
which  are  made  last  ? 

A.  Because  the  flash  is  almost  in- 
stantaneous ;  but  the  sound  takes  a 
whole  second  of  time  to  travel  380  yards. 

Q.  If  a  thunder-cloud  were  1900  yards  ojjf, 
how  long  would  the  peal  last? 

A.  Five  seconds  :  we  should _^;'si  hear 
the  vibrations  produced  in  those  portions 
of  the  air  contiguous  to  the  earth;  then 
those  more  remote :  and  it  would  be  five 
seconds  before  those  vibrations  reached 
us,  which  were  made  in  the  immediate 
vicinity  of  the  cloud. 

380  X  5  =  1900. 

This  illustration  supposes  the  lightning  to  flash  directly  from  the 
•loud  to  the  liiiteuer. 

Q.  Why  is  XUUNDEU  sometimes  like  a  deep 
GJluWL  ? 
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THUNDER. 


A.  Because  the  storm  is  far  distant 
and  the  sound  of  the  thunder  is  indistincjt. 

Q.  Sow  is  the  sound  of  thunder  affected  hy 
LOCAi,  circumstances  ? 

A.  The  flatter  the  countiy,  the  more 
unbroken  the  peal.  Mountains  serve  to- 
bi-eak  the  peal,  and  make  it  harsh  and 
irregular. 

Q.     What  is  the  cause  o/'eolling  thtjndee  ? 

A.  The  echoes  of  the  peal  rever- 
berating amongst  masses  of  cloud  and 
terrestrial  objects. 

Q.  Why  is  a  flash  of  lightning  generally 
followed  hy  poueing  bain  ? 

A.  Because  it  produces  a  change  in 
the  physical  condition  of  the  air,  rendering 
it  unable  to  hold  so  much  water  in 
solution  as  it  could  before ;  in  conse- 
quence of  which,  a  part  is  given  off  in 
heavy  rain. 

Q.  Why  is  a  flash  of  lightning  generally 
followed  hy  a  gtist  of  wind  ? 

A.    Because  the  physical  condition  oj 
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the  air  is  disturbed  by  the  passage  of  the 
hghtning,  and  wind  is  the  result  of  this 
disturbance. 

Q.     Wki/  is  there  no  thunder  to  what  is  called 

STJMMEE  LIGHTNING  ? 

A.  Because  the  Hghtning-clouds  are 
so  far  distant,  that  the  sound  of  the 
thunder  is  lost,  before  it  reaches  the  ear. 

Q.  Do  THUNDEE-BOLTS  evoT  drop  from  the 
clouds  ? 

A.  No :  the  notion  of  thunder-bolts 
arises  from  the  globular  form  which 
hghtning  sometimes  assumes. 

Q.     Whi/  is  thunder  often  several  moments 

AFTEE  the  FLASH  ? 

A.  Because  it  has  a  long  way  to  come. 
Lightning  travels  nearly  a  million  times 
faster  than  thunder;  if,  therefore,  the 
thunder  has  a  long  way  to  come,  it  wiU 
not  reach  the  earth  till  a  considerable 
time  after  the  flash. 

Q.  Why  can  we  tell  the  distance  of  a  thtm- 
der  cloud,  ly  observing  the  interval  which  elapses 
hat  ween  the  flash  and  the  peal? 
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DANGER 


A.  Because  the  flash  is  instantaneous ; 
but  thunder  will  take  a  whole  second  of 
time  to  travel  380  yards ;  hence,  if  the 
flash  be  five  seconds  before  the  thunder, 
the  cloud  is  1900  yards  off. 

The  speed  of  lightning  is  so  great,  that  it  -would  go  480  times 
round  the  earth  in  one  minute ;  whereas  thunder  would  go  scarcely 
13  miles  in  the  same  space  of  time. 

Q.     Wliat  PLACES  a/re  most  dangerous  during 

a  STOEM  ? 

A.  It  is  very  dangerous  to  be  near  a 
tree,  or  lofty  building;  a  river,  or  any 
running  water. 

Q.       Whi/  is  it  DANGEROUS  tO  be  NEAE  A  TEEE 

or  lofty  luilding,  during  a  thunder-storm  ? 

A.  Because  a  tall  object  (like  a  tree 
or  spire)  will  frequently  discharge  a 
lightning- cloud ;  and  if  any  one  were 
standing  near,  the  hghtning  might 
diverge  from  the  ti'ee,  afid  pass  through 
the  fluids  of  his  body. 

Q.  Sow  can  a  teee  or  spiee  dischaege  a 
lightning-cloud  ? 

A.  A  lightning-cloud  (floating  over 
a  pZam)  may  be  too  far  off  to  be  dis- 
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charged  by  it;  but  as  a  tree  or  spire 
would  shorten  this  distance,  it  might  no 
longer  be  too  far  oft'  to  be  discharged. 

For  example— if  a  lightninff-cloud  were  700  yards  above  a  con- 
ductor, it  would  be  too  far  offtoha  dischurpcd ; — but  a  tree  or  spire 
50  yards  high,  would  make  the  cloud  only  (ioO  yards  oft'  a  conductor ; 
in  consequence  of  which,  the  cloud  might  be  instantly  discharged. 

Q.  Wliy  ivould  ligh  tning  fly  from  a  tree  or 
spire,  into  a  man  standing  near  ? 

A.  Because  the  electric  fluid  always 
chooses  for  its  path  the  best  conductors; 
and,  if  the  human  fluids  proved  the 
better  conductor,  it  would  pass  through  a 
man  standing  near  the  tree,  rather  than 
down  the  ti^ee  itself. 

There  would  be  no  danger  if  the  tree  or  spire  were  made  of  metaX 
because  metal  is  a  better  conductor  than  the  human  fluids. 

Q.  Does  liglitning  go  ilirougli  the  inside,  or 
down  the  outside  of  a  tree? 

A.  It  runs  down  a  tree  between  the 
bark  and  the  wood,  where  the  sap  is  most 
abundant. 

Q.  Why  does  lightning  taTce  its  course  le- 
iween  the  bark  and  loood  of  a  tree  ? 

A.    Because  it  makes  choice  of  the 
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best  conductors ;  and  this  part  of  a  tree 
is  best  suited  for  a  conductor. 

Q.  Why  does  liglitning  pass  through  the 
INSIDE  of  a  man  ? 

A.  Because  the  fluids  of  the  human 
body  make  a  better  conductor  than  the 
skin  ;  therefore,  Hghtning  passes  through 
a  man,  and  not  down  his  skin. 

Q.  Why  is  it  dangeeous  to  he  near  water 
during  a  thunder-storm  ? 

A.  Because  water  is  a  good  con- 
ductor; and  hghtning  always  takes  in 
its  course  the  hest  conductors. 

Q.  Why  is  it  dangerous  for  a  man  to  he 
NEAB,  WATEE,  in  a  thunder-storm  ? 

A.  Because  the  heiglit  of  a  man  may 
be  sufficient  to  discharge  a  cloud :  and 
(if  there  were  no  taller  object  nigh)  the 
lightning  might  make  the  man  its  con- 
ductor to  the  water. 

See  the  first  note  on  p,  13. 

Q.  Why  is  it  dangerous  to  remain  in  a 
OHUECH- STEEPLE,  durinq  a  thunder-storm? 
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A.  Because  the  church  steeple  is  a 
tall  object,  and  composed  of  imperfect 
conductors. 

Q.  Are  iron  liouseB  dangerous  during  a 
storm  ? 

A.  No.  Because  the  metal  walls 
will  convey  the  electric  fluid  harmlessly 
to  the  ground. 

Q.  What  PAETS  of  a  luilding  sJiould  be 
avoided  during  a  thunder-storm  ? 

A.  Those  connected  with  the  roof  by 
a  continuous  line  of  conducting  sub- 
stances, but  which  have  no  outlet  of 
conductors  downwards. 

Such  as  the  stove  with  its  column  of  ascending  smoke. 

Q.  Whg  has  the  stove  no  outlet  of  conductors 
downwards  ? 

A.  Because  it  stands  upon  stone, 
and  is  embedded  in  bricks ;  both  of 
Avhich  are  non-conducting  substances. 

Q.  Would  lightning  leave  the  stove  and 
strike  a  person  standing  near  it  ? 

A.  It  might,  if  by  this  means  a  more 
direct  passage  were  offered  to  some 
conducting  substances. 
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Q.     When  does  lightning  pass  feom  toe 

EAETH  to  the  CLOUDS  ? 

,     A.    One   kind  of  electricity  always 
{ passes  upwards  to  the  clouds,  whenever 
[  the  other  kind  passes  downwards  to  the 
earth. 

Q.  Which  hind  of  electricity  passes  dowk- 
"WAEDSjj/^OOT  the  clouds  to  the  earth? 

A,  Generally  the  vitreous,  but  occa- 
sionally the  resinous. 

Q.  Which  hind  of  electricity  passes  ttp- 
WAEDS, j/ro??z  the  earth  to  the  clouds? 

A.  Generally  the  resinous,  but  occa- 
sionally the  vitreous. 

Q.      Why  is  viTEEOTJS  electricity  so  called  ? 

A.  Because  it  was  first  procured  by 
rubbing  glass. 

Vitreous  is  a  Latin  word,  meaning  "  of  the  nature  or  property  of 
glass." 

Q.     Why  is  EESINOTJS  electricity  so  called  ? 

A.    Because  it  was  first  procui'ed  by 

rubbing  resinous  substances. 

Q.  Are  there  any  other  names  hy  which  the 
vitreous  and  resinous  electricities  are  also  known  ? 

A.  They  are  sometimes  called  posi- 
tive and  negative  electricities. 

;  So  called  by  Dr.  Franklin  and  his  disciple*. 
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Q.  Why  toere  the  terms  " positive' ^  and 
"neqative"  employed  to  express  conditions  of 
electricity  ? 

A.    Because   the   eai^ly  electricians 

conceived  that  there  were  not  two  kinds, 

but  only  two  states  of  electricity ;  the 

one  marked  by  a  superabundance,  and 

the  other  by  a  deficiency,  of  one  and 

the  same  fluid. 

Q.  Wliy  is  it  dangerous  to  lean  against  a 
WALL  during  a  thunder-storm? 

A.  Because  the  electric  fluid  will 
sometimes  run  down  a  wall;  and  would 
leave  the  wall  to  run  down  the  man, 
because  he  is  a  better  conductor. 

Q.  Why  is  it  dangerous  to  eing  a  bell 
during  a  thunder-storm  ? 

A.  Because  bell-wire  is  an  excellent 
conductor  ;  and  the  electric  fluid,  passing 
down  the  wire,  might  run  through  our 
hand  and  injui'e  us. 

Q.  TFhy  would  the  lightning  run  through  a 
man  touching  a  hell-handle  ? 

A.  Because  the  human  body  is  a 
better  conductor  than  the  wall  (between 
the  bell-handle  and  the  floor);  and  as 

c  3 
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lightning  always  chooses  the  best  con- 
ductor for  its  path,  it  would  (in  this  case) 
pass  through  the  man,  and  injure  him. 

Q.  Why  is  it  dangerous  to  BAE  a  shuttee 
during  a  thunder-storm  ? 

A.  Because  the  iron  shutter-bar  is  an 
excellent  conductor  ;  and  the  electric  fluid 
might  run  from  the  bar  through  the 'person 
touchiiig  it,  and  injure  him. 

Q  Wliy  is  it  dangerous  to  he  in  a  cbowd 
during  a  thunder-storm  ? 

A.  For  two  reasons:  1st — Because 
a  mass  of  people  forms  a  larger,  and  a 
better  conductor,  than  an  individual : 
and 

Sndly — Because   the  vapour  arising 

from  a  crowd  increases  the  conducting 

power  of  the  air  above. 

Q.  Wlig  is  a  mass  of  bodies  a  letter  con- 
ductor than  a  single  hody  ? 

A.  As  each  living  body  is  a  conductor 
of  electricitij ,  a  connected  mass  of  people 
would  afford  a  readier  passage  for  a 
larger  quantity  of  electricity,  than  a  single 
individuid. 
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Q.  WTiy  is  danger  increased  hy  the  yapoub 
which  rises  from  a  crowd? 

A.  Because  vapour  is  a  conductor, 
and  would  lead  the  electricity  down 
towards  the  crowd. 

Q.  Why  is  a  theatee  dangerous  during  a 
thunder-storm  ? 

A.  Because  the  crowd,  and  great 
vapour  arising  from  so  many  living 
bodies,  render  it  £^n  excellent  conductor 
of  lightning.  — ^ 

Q.  Why  is  a  flock  of  sheep  in  greater 
danger  than  a  smaller  number  ? 

A.  1st — Because  eacli  sheep  is  a 
conductor  of  lightning,  and  the  conduct- 
ing power  of  the  Jlock  is  increased  by  its 
numhers :  and 

2udly — The  vapour  arising  from  a 
flock  of  sheep  increases  the  conducting 
jjower  of  the  air  above. 

Q.  Why  is  a  herd  of  cattle  in  danger  during 
a  storm  ? 

A.  1st — Because  the  number  of  living 
bodies  increases  the  conducting  power  of 
their  animal  fluids  :  and 
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2ndly — The  A^apour  arising  from  a  herd 
increases  its  conducting  power. 

Q.  a  person  he  abroad  in  a  thunder- 

storm, what  place  is  the  safest  ? 

A.  Any  place  about  20  or  30  feet 
from  some  tall  tree  or  building ;  if  it  be 
not  near  to  running  water. 

Q.  Why  would  it  he  safe  to  stand  20  or  30 
feet  from  some  tall  tree,  in  a  thunder-storm  ? 

A.  Because  the  lightning  would 
always  choose  the  tall  tree  as  a  con- 
ductor ;  and  we  should  not  be  sufficiently 
near  the  tree,  for  the  lightning  to  diverge 
from  it  to  us. 

Q.  If  ci,  person  he  in  a  cahiiiage  in  a 
thunder-storm,  in  what  way  can  he  travel  most 

BAEELT  ? 

A.  He  should  not  lean  against  the 
carriage ;  but  sit  upright  without  touch- 
ing any  of  the  four  sides. 

Q.  Why  should  not  a  person  lean  against 
the  carriage  in  a  storm  ? 

A.  Because  the  electric  fluid  might 
run  down  the  sides  of  the  carriage ;  and 
(if  a  person  were  leaning  against  them) 
would  make  choice  of  him  for  a  conductor, 
and  perhaps  destroy  life. 
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Q.  Why  is  the  middle  of  a  room  more  safe 
than  any  other  'part  of  it,  in  a  thunder-storm? 

A.  Because  the  lightning  (if  it  struck 
the  room  at  all)  would  come  down  the 
chimney  or  walls  of  the  room ;  and 
therefore,  the  further  distant  from  these 
the  better. 

Q.     Why  is  a  matteess,  bed,  or  heaeth- 
EUG  a  security,  to  a  certain  extent,  against  injury 
from  lightning? 

A.  Because  they  are  all  non-con- 
ductors ;  and,  as  lightning  always  makes 
choice  of  the  best  conductors,  it  w^ould  not 
choose  for  its  path  such  things  as  these. 

Q.  Is  an  mos  bedstead  dangerous  in  a 
storm  ? 

A.  No  ;  for  it  is  so  good  a  conductor 
that  the  electricity  would  pass  down  it  in 
preference  to  the  animal  fluids. 

Q.  Is  a  man  in  metal  aemoub  in  danger 
from  lightning? 

A.  No ;  for  the  armom-  is  so  good  a 
conductor  that  the  electricity  would  pass 
along  it  in  preference  to  the  fluids  of 
the  human  body. 
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Q.  Why  do  PIECES  01"  METAL,  sucJi  as  heifs, 
watches,  rincfs  and  brooches,  carried  about  the 
person,  increase  the  danger  from  lightning  ? 

A.  Because  they  offer  strong  induce- 
ment to  the  electricity  to  talie  them  in  its 
'path,  but  do  not  extend  far  enough  to 
conduct  it  to  the  earth. 

Q.  Is  it  better  to  be  wet  or  dry  during  a 
storm  ? 

A.  To  be  ivet :  if  a  person  be  in  any 
open  field,  the  best  thing  he  can  do,  is 
to  stand  about  20  feet  from  some  tree, 
and  get  completehj  drenched  to  the  shin. 

Q.  Why  is  it  better  to  be  wet  than  dry  in 
a  storm  ? 

A.  Because  wet  clothes  will  conduct 
the  discharge  harmlessly  over  the  surface 
of  the  tody. 

Dr.  Franklin  found  that  he  coiild  not  destroy  a  wet  rat  by  elec- 
tricity artificiiilly  accumulated,  although  he  could  a  dry  one. 

Q.  What  should  a  eeakeul  person  do,  in 
order  to  be  most  secuee  in  a  storm  ? 

A.  Draw  his  bedstead  into  the  middle 
of  his  room,  commit  liimself  to  the  care 
of  God,  and  go  to  bed;  remembering 
that  our  Lord  has  said,  "  The  veiy  hairs 
of  yom-  head  are  all  numbered." 
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N.  B.  No  great  danger  needs  really  to  be  apprehended  from  light- 
ning, if  you  avoid  taking  your  position  near  t^  trees,  spires,  or 
other  elevated  objects. 

Q.     What  is  a  lightning-condtjctob  ? 

A.  A  metal  rod  fixed  in  the  earth, 
running  up  the  whole  height  of  a  build- 
ing, and  rising  in  a  point  above  it. 

The  point  of  a  conductor  should  rise  well  into  the  air,  and  be 
made  triangular,  like  a  bayonet. 

Q.     What  metal  is  the  best  for  this  purpose  ? 

A.  Copper. 

Q.     Why  is  COPPER  better  than  iron  ? 

A.  1st — Because  it  is  a  better  con- 
ductor than  iron,  and  therefore  not  so 
easily  fused  by  lightning  :  and 

2ndly — It  is  not  so  much  injured  by 
weather. 

N.  B.  Electridity  does  not  produce  heat  when  it  passes  through  a 
good  conductor ;  heat  only  appears  when  the  free  passage  of  the 
electric  matter  is  obstructed. 

The  following  nuitibers  express  the  relative  value  of  several  kinds 
of  metal,  in  conducting  electricity  : 

Lead  1  —Iron  2?. — Zinc  4. — Copper  12.  Copper  is,  therefore,  5 
times  better  as  a  conductor  of  Hghtnmg  than  iron. 

Q.     What  is  the  use  of  a  lightning-conductor? 

A.  It  furnishes  a  path  for  the  passage 
of  lightning,  which  will  run  down  a  metal 
rod  rather  than  the  walls  of  a  building, 
because  metal  is  a  better  conductor. 
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Q.  How  FAR  does  ilie  lenejicial  influence 
of  a  lightning-conductor  extend  f 

A.  This  has  not  been  accurately 
determined;  but  one  conductor  will 
sufficiently  protect  a  building  of  ordinaiy 
extent. 

Q.  Wliy  are  not  lightning-conductors  more 
generally  used  ? 

A.  Because  many  accidents  have 
arisen  from  conductors  of  defective 
construction. 

Q.  How  can  lightning-conductors  he  pro- 
ductive of  HAEM  ? 

A.  If  the  rod  be  hroken  by  weather 
or  accident,  the  electric  fluid  (being 
obstructed  in  its  path)  may  damage  the 
building. 

Q.  If  the  rod  he  unbroken,  is  any  evil  to  be 
apprehended  from  it  ? 

A.  Not  if  the  rod  be  thick  enough  to 
conduct  the  voliole  current  to  the  earth  : 
But  if  too  small  for  this  purpose,  the 
hghtning  will  fuze  the  metal,  and  injure 
the  building. 

If  copper  be  employed,  the  diameter  of  the  rod  should  be  half  an 
inch.   An  iron  rod  should  be  somewb**  *i»icker. 
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Q.  Hoto  does  LionTNiNa  sometimes  knock 
DOWN  houses  and  churches  ? 

A.  The  steeple,  or  chimney  is  first 
struck;  the  hghtning  then  dai'ts  to  the 
iron  bars  and  cramps,  employed  in  the 
building;  and  (as  it  darts  from  bar  to 
bar)  shatters  the  bricks  and  stones, 
which  oppose  its  progress. 

Q.  Tell  me  how  St.  Bride's  Church  (London) 
was  nearly  destroyed  hy  lightning,  about  100  years 
ago. 

A.  The  lightning  first  struck  the 
metal  vane  of  the  steeple,  and  ran  down 
the  rod  ;•  it  then  darted  to  the  iron 
cramps,  employed  to  support  the  build- 
ing ;  and  (as  it  flew  from  bar  to  bar) 
smashed  the  stones  which  lay  between. 

Q.  Why  did  the  lightning  fly  about  from 
"place  to  place,  and  not  pass  down  in  a  straight 
course  ? 

A.  Because  it  always  takes  in  its 
course  the  hcst  conductors;  and  Avill  fly 
both  right  and  left,  in  order  to  reach  them. 

Q.     Why  does  LiQnTNiNG  turn  milk  sous? 

A.  Because  it  produces  a  disturbance 
in  the  electrical  condition  of  milk  which 
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causes  the  complex  organic  body  to  de- 
compose, and  consequently  to  turn  sour. 

Q.  Is  ifiTEic  ACID  ever  formed  in  tJie  air 
hy  liglitning  ? 

A.  Yes.  The  chemist,  Liehig,  found 
nitric  acid  in  1 7  specimens  of  rain-water, 
collected  immediately  after  thunder-storms  : 
although  in  58  specimens,  collected  at 
other  times,  no  traces  could  be  found. 

Q.     What  is  nitric  acid  ? 

A.  The  gases,  oxygen  and  nitrogen, 
chemically  united  together,  in  'the  pro- 
portions of  one  part  of  the  former  to 
five  parts  of  the  latter. 

Q.  Wliere  do  the  oxygen  and  nitrogen  come 
from,  that  are  formed  into  nitric  acid  ly  lightning  ? 

A.  The  air  itself  is  composed  of 
oxygen  and  nitrogen  mechanically  min- 
gled togetlier.  The  passing  hghtning 
has  the  power  of  making  a  portion  of 
these  combine  chemically. 

Q.  What  is  the  difference  letween  chemical 
union  and  mechanical  admixture  ? 
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A.  In  a  chemical  union,  the  properties 
of  the  mingled  bodies  are  altered.  In  a 
mechanical  admixture,  they  are  not. 

Different  coloured  sands  shaken  together  in  a  bottle  mis  mechan- 
jcallj".   Water  poured  on  quick-lime  unites  ■with  it  chemicailyt 

Q.       Will/  does  LIGHTNING  ttim  BEEE  SOTJE, 

altliougli  contained  in  a  close  cask  ? 

A.    Because,  if  beer   be   new  and 

the  process  of  fermentation  incomplete, 

lightning  so  accelerates  the  process,  as 

to  turn  the  sugar  into  acetic  acid  before 

it  has  passed  through  the  intermediate 

state  of  alcohol. 

Q.  Why  is  not  OLD  BEER  and  strong 
POKTEE  made  SOUE  bi/  liglitning  ? 

A.    Because  the  fermentation  is  more 

complete ;  and,  therefore,  is  less  affected 

by  electrical  influence. 

Q.  Why  is  METAL  so7netimes  eused  hy 
lightning  ? 

A.  B  ecause  the  surface  of  the  metal 
is  too  small  to  afford  a  path  for  the 
electric  current. 

Q.       Why  does  LIGHTNING  PTJEIEY  the  AIR  ? 

A.    For  two  reasons  •   1st — Because 
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the  electric  fluid  produces  nitric  acid 
in  its  passage  through  the  air ;  and 

Sndly — Because  the  agitation  of  tlie 
storm  stirs  \  the  air. 

The  "nitric  acid"  is  produced  by  the  combination  of  some  por- 
tions of  the  oxygen  and  nitrogen  of  the  air.* 

Q.  Sow  does  the  production  of  nitric  acid 
PUfiiFY  tlie  air  ? 

A.  Nitric  acid  acts  very  powerfully  in 
destroying  the  exhalations,  which  arise  from 
putrid  vegetable  and  animal  matters. 

Q.  Wh^  is  LIGHTNING  more  common  in 
SUMMEE  and  AUTUMN,  than  in  spring  and  winter  ? 

A.  Because  the  heat  of  summer  and 
autumn  produces  great  evaporation;  and 
the  conversion  of  water  into  vapour  always 
developes  electricity. 

Q.  JVhi/  does  a  thundee-storm  generally 
follow  very  dry  weather  ? 

A.  Because  dry  air  (being  a  non- 
conductor) will  not  relieve  the  clouds  of 
their  electricity ;  so  the  fluid  accumulates, 
till  the  clouds  are  discharged  in  a  storm. 


•  The  oxygen  and  nitrogen  are  not  comhineil,  but  pimply  miri-d 
in  the  ordinary  air ;  but  lightning  causes  some  purUoua  of  the  mixed 
eL'ments  to  combine. 
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Q.  Why  does  a  TnuNDER-STOBM  rarely 
succeed  wet  weather  ? 

A.  Because  moist  air  or  falling  rain 
(being  a  conductor)  carries  down  the 
electric  fluid  gradually  and  silently  to 

the  earth. 

Q.  Why  is  electricity  excited  ly  fric- 
tion ? 

A.  Because  friction  disturbs  the 
equilibrium  of  the  two  fluids ;  which 
remain  no  longer  quiescent,  but  separate 
from  each  other. 

When  this  disturhance  takes  place,  the  two  fluids  are  said  to  be 
in  "  a  free  state." 

Q.  Why  is  a  tree  sometimes  scorched  by 
lightning,  as  if  it  had  been  set  on  fire  ? 

A.  Because  it  obstructed  the  course 
of  the  electric  fluid,  in  its  way  to  the 
earth ;  and  when  electricity  is  obstructed 
in  its  path,  it  gives  out  great  heat. 

This  -would  be  especially  the  case  in  old  knarled  oaks,  and  dry 
sapless  trunks,  which  would  be  but  very  imperfect  conductors. 

Q.  Why  is  the  bark  of  a  tree  often  ripped 
quite  off  hy  a  flash  of  lightning  ? 

A.    Because  some  obstruction  is  offer- 
ed to  the  electric  fluid  in  its  passage  down 
the  tree,  and  the  bark  is  ripped  off  by  the 
^  mechanical  violence  of  the  resisted  flash. 


30 


EFFECTS  OP 


Q.  WTiy  are  Bouans  of  trees  IroJcen  of 
hy  liglitning  ? 

A.  Because  the  mechanical  force  of 
lightning  is  very  great;  and,  as  the  boughs 
of  a  tree  are  imperfect  conductors,  they 
will  often  be  broken  off  by  this  force. 

Q.     Why  is  an  electric  shock  felt  most  at 

the  EL'BOW-JOINT  ? 

A.  Because  the  path  of  the  fluid  is 
obstructed  hy  the  joint :  The  shock  (felt 
at  the  elbow)  is  caused  by  the  fluid 
leaping  from  one  hone  to  another. 

Q.     Is  electricity    accompanied  with  any 

ODOUE? 

A.  Yes ;  near  a  large  electrical  ma- 
chine in  good  action,  there  is  always  a 
peculiar  odour,  resembling  sulphur  and 
phosphorus;  this  odour  is  called  "  Ozone." 

Pronounce  o-zoxe,  in  two  syllables. 
Q.     JIas  this  peculiar  odour,  called  "  OzONE," 
been  observed  in  thunder-storms  ? 

A.  Yes ;  at  times  the  sulphurous  odour 
prevails,  and  sometimes  the  phosphoric. 

If  the  gaseous  body  disengaged  by  lightning,  reaches  us  in  a  con- 
centrated form,  the  odour  is  sulphurous  ;  if  in  a  diluted  form,  it  is 

PUOSPHORIC. 

Q.     Wliaf  are  fulgurites  ? 

A.  Hollow  tubes  produced  in  sandy 
soils  by  the  action  of  lightning. 
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Q.     Sow  does  lightning  produce  fulgurites  ? 

A.  When  it  enters  the  earth,  it  fuses 
the  flinty  matter  of  the  soil  into  a  vitreous 
(or  glassy)  substance,  called  a  fulgurite. 

Q.  How  does  lightning  sometimes  affect  the 
character  of  iron  and  steel  ? 

A.  Bars  of  iron  and  steel  are  some- 
times rendered  magnetic  by  lightning, 

Q  Give  an  instance  of  the  magnetic  effects 
of  lightning. 

A.  Sometimes  it  will  reverse,  the  mag- 
netic needles  of  the  electric  telegraph, 
and  sometimes  destroy  their  magnetism 
altogether. 

Q.  What  is  meant  ly  the  magnetic  needles 
being  eeveesed  ? 

A.    That  part  of  the  needle  which 

ought  to  point  towards  the  north,  is  made 

to  point  towards  the  south ;  and  that  part 

which  ought  to  point  south,  is  made  to 

point  towards  the  north. 

Q.  Hoio  does  lightning  act  upon  the  magnetic 
needles  of  the  electric  telegraph  ? 

A.  The  electric  fluid  is  conveyed 
along  the  conducting  wires  round  the 
telegraphic  needles. 
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CHAPTER  III. 

Q.     What  is  the  third  source  of  heat  ? 

A.    Chemical  Action. 

Q.  What  is  meant  hy  chemical  action  heing 
the  source  of  heat  ? 

A.  Many  things,  when  theb  chemical 
constitution  is  changed,  (either  by  the  ab- 
straction of  some  of  their  gases,  or  by  the 
combination  of  others  not  before  united) 
evolve  heat,  while  the  change  is  -going  on. 

Q.     Explain  hy  illustration  what  tjou  mean. 

A.    Water  is  cold  and  sulphuric  acid  is 

cold;  but  if  these  two  cold,  liquids  be  mixed 

together,  they  will  produce  great  heat. 

Q.  Why  does  cold  watek,  poured  on  lime, 
produce  great  heat  ? 

A.  Because  the  water  unites  with 
the  lime ;  and  becoming  soliA.,  gives  off 
that  heat,  which  was  necessary  to  retain 
it  in  a  fluid  state. 

N.B. — Heat  is  always  evolved,  vrhon  a  fluid  is  concerted  into  a 
soh'd  form.  Heat  is  always  absorbed,  when  a  solid  is  changed  into 
a  lujtiid  state. 

Q.     Where  does  the  heat  come  from  ? 

A.  It  was  in  the  water  before ;  bui 
was  in  a  latent  state. 
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Q.  Was  there  heat  in  the  cold  water  and 
lime,  before  they  were  mixed  together  ? 

A.  Yes.  All  bodies  contain  heat; 
the  coldest  ice,  as  well  as  the  hottest  fire. 

Q.    Is  there  heat  even  in  ice  ? 

A.  Yes ;  but  it  is  latent  (i.  e.  not 
perceptible  to  our  senses). 

Latent,  from  the  Latin  word,  Latco  (to  lie  hid). 

Q.  Sow  do  you  KNOW  there  is  heat,  if  you 
cannot  peeceive  it  ? 

A.  Thus:  if  a  pound  of  ice,  32 
degrees  of  temperature,  be  melted  over 
a  fire,  although  140  degrees  of  heat 
are  absorbed  by  the  process,  yet  the 
tcTifperature  is  not  increased,  in  the 
shghtest  degree. 

The  melted  ice  vriU  still  he  32  "  and  not  172° . 

Q.  What  becomes  of  the  140°  of  heat  which 
Kent  info  the  ice  to  melt  iff 

A.  They  are  hidden  in  the  water; 
or  stored  up  in  a  latent  state. 

Q.  How  much  heai  may  be  thus  secreted  or 
made  latent  / 

A.  The  quantity  varies  in  different 
substances;  but  in  water,  as  much  as 
1140°  of  heat  may  remain  latent. 
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Q..  TTow  can  1140  °  of  lieat  he  added  io  water 
without  being  perceptible  to  ow  feelings  ? 

A.  1st — 140°  of  heat  are  hidden  in 
water,  when  ice  is  melted  by  the  sun  or 
fire :  and 

Sndly — 1000°  more  are  secreted,  when 
water  is  converted  into  steam.  Thus, 
before  ice  is  converted  into  steam,  1140° 
of  heat  become  latent. 

steam  is  no  hotter  than  hoiling  ■water,  both  are  212  degrees. 
The  1000  deg-rees  of  heat  referred  to  are  all  employed  iii  holding- 
the  steam  in  its  vapntn-f/  or  gaseous  form,  just  as  the  140  degrees  of 
heat  absorbed  by  the  melted  ice  were  emi)loyed  in  holding  the  solid 
ice  in  the  liquid  form. 

Q.    Sow  can  we  he  made  to  feel  tTie  Jieat  of 

ICE  or  SKOW  ? 

A.    Into  a  pint  of  snow  put  half  as 

much  salt;  then  plunge  your  hands  into 

the  hquid ;  and  it  will  feel  so  intensely 

cold,  that  the  snow  itself  will  seem  waj'm 

in  comparison  to  it. 

Q.  Is  SALT  and  SNOW  really  coldee  tJian 
snow  ? 

A.    Yes,  many  degrees ;  and  by  dip- 
ping your  hands  into  the  mixture 
■  and  into  snow  afterwards,  the  snow  will 
seem  to  be  comparatively  warm. 
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Q.     What  is  riEE  ? 

A.  Heat  and  liglit,  produced  by  the 
combustion  of  inflammable  substances. 

Q.     Soio  is  HEAT  evolved  hy  comhustion  ? 

A.  By  chemical  action.  As  latent 
heat  is  liberated,  when  water  is  poured 
upon  lime,  by  chemical  action ;  so  latent 
heat  is  Hberated  in  combustion,  by  chem- 
ical action  also. 

Q.  What  CHEMICAL  ACTIOK  taJces  place  in 
combustion  ? 

A.  The  elements  of  the  fuel  separate 
from  each  other,  and  combine  with  the 
oxygen  of  the  air. 

Q.     What  are  the  elements  o/'euel  ? 

A.  Carbon,  hydrogen,  and  oxygen, 
together  with  certain  mineral  substances 
found  in  the  ashes. 

Q.     What  are  the  elements  of  atmospheric 

AIR  ? 

.  A.  Oxygen  and  nitrogen,  mixed  toge- 
ther in  the  following  proportions  : — Fom' 
gallons  of  nitrogen  and  one  of  oxygen 
will  make  5  gallons  of  common  air. 

Air  contains  small  quantities  of  carbonic  acid  gas  and  ammonia, 
as  also  vapour  of  water. 

Q.       What  is  CAIiBON  ? 
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A.  The  sohd  part  of  fuel.  Carbon 
abounds  in  all  animal  bodies,  earths, 
and  in  some  minerals. 

Q.    Mention  some  different  species  o/caubon. 

A.  Common  charcoal,  lamp-black, 
coke,  and  the  diamond. 

Q.       What  is  HYDBOGEN  ? 

A.  An  inflammable  gas.  The  gas 
used  in  our  streets  is  hydi-ogen  driven 
out  of  coals  hy  heat. 

Coal  gas  (more  correctly  spealdng)  is  carburetted  hydrogen,  i.e. 
carbon  and  hydrof^en.    Sec  p.  293. 

Q.  What  are  the  characteristics  of  hydrogen 
gas  ? 

A.  1st — It  is  the  lightest  of  all  known 
substances : 

2ndly — It  will  burn  immediately  it  is 
ignited :  and 

3rdly — A  lighted  candle  (immersed  in 
it)  will  be  instantly  extinguished.* 

*  Hydrogen  gas  may  be  made  thus : — Put  some  pieces  of  zinc  or 
iron  filings  into  a  glass ;  pour  over  them  a  little  sulphuric  acid 
(vitriol),  diluted  with  twice  the  quantity  of  water;  then  cover  the 
glass  over  for  a  few  minutes,  and  hydrogen  gas  will  be  given  off. 

EXPERIMENTS. 

If  a  flame  be  put  into  the  glass,  an  explosiox  will  be  made. 

If  the  experiment  be  tried  in  a  phial,  which  has  a  piece  of  tobacco- 
pipe  run  through  the  cork,  and  a  light  hekl  for  a  few  moments  to 
the  top  of  the  pipe,  flame  will  be  made. 

If  a  balloon  be  held  over  the  pliial,  (so  that  the  gas  can  inflate  i;), 
the  balloon  will  iiauend  in  a  very  tew  minutes. 
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Q.      What  is  OXYGEN  ? 

A.  A  gas,  much  heavier  than  hydro- 
gen; It  gives  brilhancy  to  flame,  and  is 
essential  to  animal  hfe.* 

Q-       What  is  NITROGEN  ?  . 

A.  An  invisible  gas,  which  is  the 
principal  ingredient  of  common  air:  it 

of  the  tuhe  nto  a  p!an  of  wate^  'in'T''  P*^'  '■^'^  end 

through  the  water'nhlJbu^bles  arVory'^i^  '"''^'^^ 

butbesurethemoihoftTiettto^ 

bubbles  rise  into  the  bottle  tL.  w.vf  do  hold  in  the  uater.    As  the 
^vater  has  run  out  the  boUle  ^  Z  Z^^^^^  ™r  Tm=  \"'^T'^'^"  ^"  'he 
mouth  remain,  under  water    se    he  *b onle  ?>;^i 
cork  with  lard  or  wax,  and"  he^as  wiul^^l^^^u' w.4?ed^ 

in  a  mmJ'L'ir'fnturS'o/  "^d!fS?^"™  '"^^ther 
chlorate  of  potassa.  Put  the  S.?!  n  ''"'^  '"^  "^"'•'^  °f 
nisbed  with  a  cork  wl2h  has  ^^^^l^'  ^"r- 

bottom  of  the  flall^^vei  n!'^!'f  ""'"^'-^  it.  Heat 

1«  red  hot,  oxygen  gTs  will  be  Sven^ff        f"'^  T'^'^"  '"^^  "^^"■•e 
-unorsed  in  a^^  o'u.:^XtZ%toof::^^lV^^^^^^^ 

rjr?into'i*ou^Se°;f"o^^^^^^^^  Piece  of 

dazzling  sparks  of  light.  ^as ,  and  it  wiU  throw  out  most 

(b^TpfecTotw^?^ j  irtb^eHoVtH''  oTtf  ^-"'^ 
instantly  ignite,  aiulUmbrimanty  ^''''^        ^^'^k  w.U 

^Burning  sulphur  emits  a  btuc  flame,  when  immersed  m  oxy-en 
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abounds  in  animal  substances  :  The  fol- 
lowing are  its  characteristics : 

1.  It  will  not  burn ; 

2.  It  will  not  support  combastion ;  and 

3.  An  animal  cannot  Hve  in  it. 

Nearly  4  gallons  out  of  every  5  of  common  air  are  nitrogen  gas.* 

Q.     Wliy  is  there  so  m  u  en  nitrogen  in  the  air  ? 

A.  In  order  to  dilute  the  oxygen. 
If  the  oxygen  were  not  thus  diluted, 
fires  would  burn  out  too  quickly,  and 
hfe  Avould  be  too  rapidly  exhausted.  ---^ 

Q.  Wliat  three  elements  are  employed  in 
malting  a  common  piee  ? 

A.  Hych'ogen  gas,  carbon,  and  oxygen 
gas  :  The  two  iormer  in  the/we/;  and  the 
last  in  the  air  which  surrounds  the  fuel. 

Q.     W'hat  causes  the  combustion  of  the  fuel? 

A.  The  hydrogen  gas  of  the  fuel 
(being  set  free  and  excited  by  a  match) 
unites  with  the  oxygen  of  the  ah-,  and 
makes  a  yellow  flame;  this  flame  heats  the 

•  Kitrogen  gas  may  easily  be  obtained  thus  :— Put  a  piece  of  burn- 
ing phosphorus  on  a  little  stand  in  a  plate  of  water  :  and  cover  a 
bell-glass  over  it.  (Be  sure  the  edge  of  the  glass  stands  in  thetcatcr.) 
In  a  few  minutes  the  oxygen  of  the  air  will  be  taken  up  by  the  burn- 
ing phosphorus ;  and  the  nitrogen  alone  will  be  left  in  the  bell  glass. 

(N.B.— The  white  fume  which  will  arise  and  be  absorbed  by  the 
water  in  this  experiment,  is  phosphoric  acid ;  i.  e.,  phosphorus  com- 
muned with  oxygen  of  the  air.) 
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carhon  of  the  fuel,  which  unites  with  more 
oxygen,  and  produces  carbonic  acid  gas. 

The  gas  of  the  fuells  carhuretted  hydrogen.  Tlie  flame  of  pure 
hydrogen  is  pale  bhie — of  carburetted  hydrogen  yellmo. 

Q.     What  is  oaebonic  acid  gas  ? 

A.    Carbon   (or  charcoal]  combined 

with  oxygen  gas. 

Q.     Why  does  riEE  produce  heat  ? 

A.  Because  it  liberates  latent  heat 
from  the  air  and  fuel,  by  chemical  action. 

Q.  What  CHEMICAL  CHANGES  in  air  and 
fuel  are  produced  ly  combustion  ? 

A.  1st — Some  of  the  oxygen  of  the 
air,  combining  with  the  hydrogen  of  the 
fuel,  condenses  into  water :  and 

2ndly — Some  of  the  oxygen  of  the  an-, 

combining  with  the  carbon  of  the  fuel, 

forms  carbonic  acid  gas. 

Q.  W7iy  is  a  eibe  (after  it  has  heen  lony 
hicrniny)  bed  hot? 

A.    Because  the  whole  surface  of  the 

coals  is  so  thoroughly  heated,  that  every 

part  of  it  is  undergoing  a  rapid  union 

with  the  oxygen  of  the  air. 

Q.  In  a  blazing  Jire,  ivhy  is  the  upper 
surface  of  the  COALS  BLACK,  and  the  loweb 
surface  bed  ? 

£  2 
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A.  Because  carbon  (being  solid)  re- 
qun-es  a  great  degree  of  heat  to  make 
it  unite  with  the  oxygen  of  the  air.  In 
consequence  of  which,  the  hot  under 
surface  of  coals  is  frequently  red  from  its 
union  with  oxygen,  while  the  cold  upper 
surface  remains  black. 

Q.  WJiich  hums  the  more  qiiicldy,  a  BLAZiNfj 
fire,  or  a  red-uot  one  ? 

A.   Fuel  burns  quickest  in  a  Mazing  fire. 

Q.       WJlJ/  do  BLAZING  COALS  BUEN  QUICKEB 

than  red-hot  ones  ? 

A.  Because  the  inflammable  gases  of 
the  fuel  (which  are  then  escaping)  greatly 
assist  the  process  of  combustion.  ^ 

Q,  Why  do  the  coals  of  a  clear  bright 
fire  hum  out  more  sloivly,  than  hlazing  coals  ? 

A.  Because  most  of  the  injlammable 
gases,  and  much  of  the  solid  fuel,  have 
been  consumed  already ;  so  that  there  is 
less  food  for  combustion. 

Q.     What  is  SOOT  ? 

A.  Unconsumed  carbon  of  the  fuel  sep- 
arated from  the  solid  mass,  and  carried 
up  the  chimney  by  currents  of  hot  air. 

Q.     W/iat  is  SMOKE  ? 
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A.  Unconsiimed  volatile  matters,  sep- 
arated from  the  fuel,  and  carried  up  the 
cliimney  by  crn'rents  of  hot  air. 

This  volatile  matter  consists  of  visible  vapour,  various  gascout 
exhalations,  and  uiiuute  pieces  of  carbon. 

Q  Why  is  there  more  smoke  when  coals 
are  FEEsn  added,  than  xohen  they  are  red  hot  ? 

A.    Because  more  carbon  and  volatile 

matters  ai'e  separated  from  the  fuel  than 

can  be  reduced  by  combustion;  and  the 

surplus  flies  off  in  smoke. 

Q.  Wliy  is  there  so  little  smoke  with  a 
hed-hot  /jVe  / 

A.    Because  the  entire  surface  of  the 

coals  is  in  a  state  of  combustion ;  and,  as 

very  little  of  the  escaping  carbon  remains 

unconsumed,  there  is  but  httle  smoke. 

Q.  Why  are  there  daek  and  beight  spots 
in  a  CLEAR  cinder  Jire  f 

A.  Because  the  intensity  of  the  com- 
bustion is  greater  in  some  parts  of  the  fire, 
than  it  is  in  others. 

Q.  Why  is  the  intensity  of  combustion  in  a 
common  fire  so  unequal  ? 

A.  Because  air  flics  to  the  fire  in 
vai-ious  and  unequal  cm-rents. 

B  8 


42 


CHEMICAL  ACTION. 


Q.  Why  do  we  see  all  sorts  of  geotesqub 
riGTJEES  in  hot  coals  ? 

A.  Because  the  intensitij  of  combus- 
tion is  unequal,  owing  to  the  gusty 
manner  in  which  the  air  flies  to  the 
fuel :  And  the  various  shades  of  red, 
yellow,  and  white  heat  (minghng  with 
the  black  of  the  unburnt  coal,)  produce 
strange  and  fanciful  resemblances. 

Q.  JVhi/  does  PAPEU  buhn  more  readily 
than  wood  ? 

A.    Because  it  is  of  a  more  fragile 

texture;  and,  therefore,  its  component 

parts  are  more  easily  heated. 

Q.  Why  does  svgob  btjbn  more  readily, 
than  coal  ? 

A.    Because  it  is  not  so  solid,\  and, 

therefore,  its  elemental  parts  are  more 

easily  separated,  and  made  hot.  - 

Q.  When  a  piee  is  lighted,  why  is  papeh 
laid  at  the  bottom,  against  the  grate  ? 

A.    Because  paper  (in  consequence  of 
its  fragile  texture)  very  readily  catches  fire. 
Q.     Why  is  wood  laid  on  the  top  of  tlie paper  ? 

A.  Because  wood  (being  more  suh- 
stantial)  hums  longer  than  paper;  ami, 
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therefore,  affords  a  longer  contact  of 
flame  to  heat  the  coals. 

Q.     Will/  ivoiild  not  paper  do  without  wood? 

A.  Because  paper  burns  out  so 
rapidhj,  that  it  would  not  afford  sufficient 
contact  of  flame  to  heat  the  coals  to 
combustion. 

Q.  Why  will  not  wood  do  without  shavings, 
straw,  or  paper  ? 

A.  Because  wood  is  too  substantial 
to  be  heated  into  combustion  by  the 
feeble  flame  issuing  from  a  match. 

Q.  Whi/  icould  not  the  paper  do  as  well,  if 
placed  on  the  top  of  the  coals  ? 

A.   Because  every  blaze  tends  upivards  ; 

if,  therefore,  the  paper  were  placed  on  the 

top  of  the  coals,  its  blaze  would  afford  no 

contact  of  flame  to  the  fuel  lying  heloio. 

Q.  Why  should  COAL  ie  placed  above  the 
wood  ? 

A.  Because  otherwise,  flame  from 
the  wood  would  not  rise  through  the  coa/, 
to  heat  it. 

Q.  Why  is  a  Jire  kindled  at  the  lowest 
BAU  of  a  grate? 

A.  That  the  flame  may  ascend  through 
the  fuel  to  heat  it.    If  the  fire  were 
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kindled  from  the  top,  the  flame  would 
not  come  in  contact  with  the  fuel  placed 
below. 

Q.     Why  does  goal  malce  such  excellent 

FUEL  ? 

A.  Because  it  contains  a  large  amount 
of  carbon  and  hydrogen  gas,  in  a  compact 
and  convenient  form. 

Q.  Why  will  cinders  become  bed  hot  more 
quickly  than  COALS  ? 

A.  Because  they  are  sooner  reduced 
to  a  state  of  combustion,  as  they  are 
more  porous  and  less  solid. 

Q.     Why  will  not  ieon  cinders  hum  ? 

A.  Because  the  carbon  and  hjdrogen 
have  been  chiefly  consumed,  and  only  the 
incombustible  part  of  the  fuel  remains. 

Q.     Why  are  cindees  lighter  than  coals  ? 

A.  Because  they  are  full  of  little 
holes  or  pores ;  from  which  gases,  and 
other  volatile  parts,  have  been  diiven 
off"  by  previous  combustion. 

Q.     Why  will  not  stones  do  for  fuel,  as  well 

as  COALS? 

A.  Because  they  contain  no  elements 
suitable  for  combustion:  and  generally 
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the  substances  of  which  they  are  com- 
posed are  already  united  to  oxijgen. 

stones  contain  silex  (i.e.,  silicon  and  oxygen);  alumina  (i.e., 
aluminum  and  oxygen) ;  and  lime  (i.e.,  calcium  and  oxygen).  Some 
rocks  contain  sulphur,  or  a  little  carbon ;  in  wbicli  case  they  burn 
feebly. 

Q.     Why  will  not  wet  Jcindling  light  a  fire  ? 

A.  1st — Because  the  moistm^e  of  the 
wet  kindhng  prevents  the  oxijgen  of  the 
air  from  getting  to  the  fuel ;  and 

Sndly — The  heat  of  the  fire  is  per- 
petually draivn  off,  by  the  conversion  of 
water  into  steam. 

Q.     Why  does  dbt  wood  hum  letter  than 

GEEEN  ? 

A.  1st — Because  none  of  its  heat  is 
carried  aivay  by  the  conversion  of  water 
into  steam;  and 

2ndly — The  pores  of  dry  wood  (being 
filled  ivith  air)  supply  the  fire  with  oxygen. 

Q.  Why  does  salt  crackle,  when  thrown 
into  a  EIRE  ?  I 

A.  Salt  contains  water.  The  crack- 
ling of  burning  salt  is  owing  to  the 
bursting  of  the  crystals,  when  the  water 
is  converted  into  steam. 

Q.     Why  will  not  wood  or  paper  hum  if 
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steeped  in  a  solution  of  potash,  phosphate  of 
LIME  or  AMMONIA  {JmHshovn )  ? 

A.  Because  any  "al'kali,"  (such  as 
potash)  will  arrest  the  hydrogen  which 
escapes  from  the  fuel,  and  prevent  its 
combination  with  the  oxygen  of  air, 

Q.     What  is  an  al'kali  ? 

A.  A  substance  which  will  neutralize 
an  acid. 

Soda,  potash,  and  ammonia,  are  all  alkalis.  The  presence  of  an 
alkali  may  be  detected  thus ; — Vegetable  hluts  ■\Till  be  turned  green 
by  it ;  and  tm-meric  paper  wUl  be  turned  brown  by  it. 

Q.  TVhj/  does  a  JET  of  tlame  sometimes 
hurst  into  the  room  through  the  baes  of  a^STOYE  ? 

A.  Because  the  u-on  bars  conduct 
heat  to  the  interior  of  some  lump  of  coal ; 
and  its  volatile  gas  (bursting  through 
the  weakest  part)  is  kindled  by  the 
glowing  coals  over  which  it  j)asses. 

Q.     Does  the  jet  of  gas  ever  escape  wihtirnt  ? 

A.  Yes.  If  the  gas  passes  at  once 
into  the  air,  or  over  coals  not  sufficiently 
heated  to  ignite  it. 

Q.  Why  does  a  bluish  elame  sometimes 
fiicher  on  the  surface  of  hot  cinders  ? 

A.  Because  the  gas  from  the  hot  coals 
at  the  bottom  of  the  grate,  mixing  with 
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the  carbon  of  the  coals  above,  produces 
an  inflammable  gas  (called  carbonic 
oxide),  which  burns  with  a  blue  flame. 

Q.     TFhi/  is  the  flame  of  a  fire  or  candle 

YELLOW  ? 

A.  The  flame  of  a  fire  or  candle  is 
due  to  a  gas  called  carburetted  hydrogen, 
which  burns  with  a  yellow  flame. 


Carburetted  hydrogen  is  a  compound  of  carbon  and  bydrogen. 


Q.       What  is  LIGHT  ? 

A.  The  unknown  cause  of  visihilitij. 
The  most  usual  method  of  obtaining 
artificial  hght  is  by  combustion  accom- 


The  two  theories  of  light  most  usually  received  are  those  of 
Newton  and  Huyghens.  According  to  Sir  Isaac  Newton,  luminous 
particles  of  an  elastic  imponderable  fluid,  called  aher,  dart  in  all 
directions  from  the  surface  of  light-giving  bodies  like  the  sun. 
Much  the  same  as  odour  from  a  flower.  According  to  Huyghens, 
the  aforesaid  ether  is  merely  a  vehicle,  or  medium,  of  light,  just  as  air 
is  a  medium  of  sound.  As  a  sonorous  substance  communicates  its 
vibrations  to  the  atmosphere,  and  the  atmosphere  to  the  tympanum 
of  the  ear,  so  atoms  of  matter,  set  in  motion  by  heat,  communicate 
vibrations  to  the  luminous  ether,  and  the  luminous  ether,  impinging 
against  the  eye,  produces  there  a  sensation  of  light 

Such  are  the  theories  of  Newton  and  Huyghens,  but  it  is  highly 
probable  that  ere  long  electricity  or  magnetism  will  be  found  to  be 
the  cause  of  light,  and  that  the  notion  of  a  luminous  ether  will  ba 
wholly  discarded. 


Q.     Does  LIGHT  always  produce  heat  ? 
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A.  No ;  phosphorescent  bodies,  certain 
animals,  as  glow-worms,  also  wood,  meat, 
and  fish,  in  a  state  of  putrefaction,  produce 
light  unaccompanied  with  any  perceptible 
heat. 

The  same  may  be  Faid  of  some  chemical  phenomena,  as  in 
the  combustion  of  the  oxide  of  carbon  and  of  chlorine. 

Q,     Does  HEAT  ALWAYS  produce  light  ? 

A.  No;  many  substances, par^zcM^rZ?/ 
metals,  may  be  greatly  heated  without 
producing  light. 

Heat  is  by  no  moans  always  proportionate  with  the  intensity 
of  light.  For  example :  the  liame  of  the  bicarbonate  of  hydrogen 
is  more  brilliant  than  that  of  pure  hydrogen,  but  the  heat  pro- 
duced from  the  latter  is  considerably  greater  than  that  which 
proceeds  from  the  former.  The  fiame  which  produces  the  greatest 
degi-ee  of  heat  is  that  wliich  results  from  the  ignition  of  one 
volume  of  oxygen  and  two  of  hydrogen,  nevertheless  this  flame 
Is  scarcely  visible  in  daylight. 

Q.     Wliy  is  a  yellow  flame  hrighter  tlian 

a  BED-HOT  COAL  ? 

A.  Because  yelloiv  rmjs  produce  the 
greatest  amount  of  light,  though  red  rays 
produce  the  greatest  amount  of  heat. 

Q.  WTiy  is  the  LIGHT  of  a  fire  moee  in- 
tense sometimes  than  it  is  at  others  ? 

A.    The  intensity  of  fire-light  depends 
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upon  the  luhiteness  to  which  the  carbon 
ipy  reduced  by  combustion.  If  carbon 
be  white  Jiot,  its  combustion  is  perfect, 
and  the  hght  intense ;  if  not,  the  Hght 
is  obscured  by  smohe.  ~ 

Q.  W7ii/  will  not  cindees  blaze,  as  well  as 
FBESH  coals  ? 

A.  The  jiame  of  coals  is  caused  by 
the  burning  of  carhuretted  hjdrogen  gas. 
As  soon  as  this  gas  has  been  consumed, 
the  hot  cinders  produce  only  a  gas,  called 
carbonic  acid,  which  is  not  combustible. 

Q.  Where  does  the  carhuretted  hydrogen 
gas  of  a  Mazing  fire  come  from? 

A.  From  the  fuel,  which  is  composed 
of  carbon  and  hydrogen ;  these  elements 
separate  from  each  other  during  the 
process  of  combustion,  and  form  into 
neiv  compounds.    (See  p.  35.) 

Fuel  -which  will  not  hlaze  (as  coke,  cinders,  charcoal,  &c  ),  is 
devoid  of  hydrogen  gas.  Yet  if  sulphur  be  present  in  any  fuel,  it 
■will  blaze  to  some  extent. 

Q.  Why  do  coals  hum  out  faster  on  a 
rEOSTY  NIGHT,  than  upon  any  other  ? 

A.  1st — Because  air  condensed  by 
the  cold  contains  more  oxygen  than  the 
same  quantity  of  warmer  an ;  and 
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heavier ;  in  consequence  of  which,  it  falls 

more  quickly  on  the  fire,  to  supply  the 

place  of  hot  ascending  air. 

Q.  Why  does  a  fibs  hum  clearest  on  a 
FnosTT  night? 

A.    Because  the  volatile  gases  are  more 

quickly  consumed;  and  the  solid  carbon 

\>i  plentifully  supplied  with  oxygen  from  the 

air,  to  make  it  bm'n  brightly  and  intensely. 

Q.  TVhy  does  a  fiee  hwn  more  intensely  in 
wiNTEE  than  in  summee.  ? 

A .  Because  the  air  is  colder  in  winter, 
than  it  is  in  summer. 

Q.  Why  does  tlie  coldness  or  the  aie 
increase  the  heat  of  a  fire  ? 

A.  1st — Because  air  condensed  by 
the  cold  supplies  more  oxygen  than  a 
similar  volume  of  warmer  air  :  and 

2ndly — Condensed  air,  being  heavy, 
falls  more  rapidly  into  the  place  of  the 
hot  ascending  air,  to  supply  the  fire  with 
nourishment. 

Q.  Why  does  the  SIJH",  shining  on  a  ¥IEB, 
malce  it  dull,  and  often  put  it  out  ? 

A.     1st — Because   the   air  (being 
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rarefied  by  the  sunshine)  jioius  more 
slowlij  to  the  fire;  and 

Sndly — The  chemical  action  of  the  , 
sun's  rays  is  detrimental  to  combustion..^_ 

The  sun's  rays  are  composed  of  three  parts ;  lighting,  heating,  \ 
and  actinic  or  chemical  rays.   The  two  latter  interfeie  with  the 
process  of  combustion. 

Q.     Wliy  does  air  flow  to  the  flre  more 
TAEDiLTybr  being  eaeefied  ? 

A.  Because  the  greater  the  contrast 
between  the  external  air,  and  that  which 
has  been  heated  hy  the  fire,  the  more  rapid 
will  be  the  current  of  air  towards  that  fire, 

Q.     Will/  does  rarefied  air  afford  less  NOUE- 
ISHMENT  to  the  fire  than  cold  air  f 

A.  Because  rarefied  an-  contains  less 
oxygen,  than  the  same  bulli  of  condensed 
air. 

Inasmuch  as  the  same  quantity  of  oxygen  is  diffused  through  a 
larger  space. 

Q.     Wliy  does  a  riEE  lurn  more  fiercely  in 

the  OPEN  AIR  ? 

A.  1st — Because  the  air  out-of-doors 

is  more  dense,  than  the  air  in- doors  ;  and 

2ndly — It  has  freer  access  to  the  fire. 

Q.     Wliy  is  the  air  out-of-doors  more  dense 
than  that  in-doors  ? 

A.    Because  it  has  freer  circulation; 

F  2 
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and,  as  soon  as  any  portion  has  been 
rarefied,  it  instantly  escapes,  and  is  sup- 
plied by  colder  currents, 

Q.  Why  does  not  a  riEE  hum  so  freely  in 
a  THAW,  as  in  a  feost  ? 

A  Because  the  air  is  laden  with 
vapour;  in  consequence  of  which,  it 
both  moves  too  sloivly,  and  is  too  much 
rarefied  to  nourish  the  fire. 

Q.  Why  does  a  riEE  burn  very  fiercely  in 
WINDY  weather  ? 

A.  Because  tlie  air  is  rapidhj  changed, 
and  affords  plentiful  nourishment  to  the 
fire. 

Q.  Why  does  a  pair  of  bellows  get  a 
fire  up  ? 

A.  Because  it  drives  the  air  more  rapid- 
ly to  the  fire;  and  the  plentiful  supply  of 
oxygen  soon  makes  it  burn  intensely. 

Clarke's  Patent  Blower  is  to  be  preferi'ed,  because  it  produces  a 
continuous  blast. 

Q.  WJiy  is  the  flame  of  a  candle  extin- 
guished, lohen  Mown  by  the  breath;  and  not 
made  more  intense,  like  a  fire? 

A.  Because  the  flame  of  a  candle  is 
confined  to  a  very  small  wide,  from  which 
it  is  severed  by  the  breath ;  and  (being 
unsupported)  must  go  oat. 


CANDLE-WICK.  FIRE. 


Q,.  Wliy  is  a  SMOULDERING  WICK  sometimes 
EE-EINDLED  ly  hlowing  it  ? 

A.  Because  air  is  carried  to  it  by  the 
breath  with  great  rapidity ;  and  the  oxy- 
gen of  the  air  kindles  the  red-hot  wick, 
as  it  would  kindle  charred  wood. 

Q.     Why  is  not  the  red-hot  wide  kindled  by 

the  AIR  ABOUND  it,  without  BLOWING  ? 

A.    Because  oxygen  is  not  supplied 

with  sufficient  freedom,  unless  air  be 

Mown  to  the  wick. 

Q.  When  is  this  experiment  most  likely  to 
succeed  ? 

A.    In  frostij  weather;  because  the 

air  contains  more  oxygen,  when  it  is 

condensed  hij  the  cold. 

Q.  Why  does  a  pokes,  laid  aceoss  a  dull 
riEE,  revive  it  ? 

A.  For  two  reasons  :  1st — Because 
the  poker  concentrates  the  heat,  and  throws 
it  on  the  fuel :  and 

Sndly — Air  is  dnected  between  the 
poker  and  the  coals,  and  a  slight  draught 
created. 

Q.  Why  are  the  grates  of  modern  stotes 
fixed  near  the  floor  of  a  room? 
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A.  That  the  air  on  the  lower  part  of 
the  room  may  be  heated  by  the  fire. 

Q.  Is  not  the  air  of  the  lower  part  of  a  room 
heated  equally  well,  when  the  grates  are  fixed 
higher  up  ? 

A.  No  ;  the  heat  of  a  fire  has  a  very 
httle  effect  upon  the  air  helow  the  level  of 
the  grate;  and,  therefore,  every  grate 
should  be  as  near  to  the  floor  as  possible. 

Q.  Our  FEET  are  very  frequently  Cold, 
when  we  sit  close  hy  a  good  fire :  explain  the 
reason  of  this. 

A.    Because  cold  air  rushes  through 

the  crevices  of  the  doors  and  windows 

along  the  bottom  of  the  room,  to  supply 

the  place  of  that  heated  by  the  fire  which 

ascends  with   the  smoke ;   and  these 

currents  of  cold  air,  rushing  constantly 

over  our  feet,  deprive  them  of  warmth. 

Q.  If  a  piece  o/papee  be  laid  fat  on  a  clear 
fire,  it  will  not  blaze,  hut  chae.    JVhy  so  ? 

A.  Because  the  carbon  of  a  clear  fire, 
being  sufficiently  hot  to  unite  with  the 
oxygen  of  the  air,  produces  carbonic  acid 
gas,  which  soon  envelopes  the  paper  laid 
flat  upon  the  cinders  :  but  carbonic  acid 
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gas  will  neither  hlaze,  nor  allow  combus- 
tible matter  surrounded  by  it  to  do  so. 

Q.  If  you  BLOW  the  paper,  or  open  tlie  door 
suddenly,  it  will  blaze  immediately.    Why  so  ? 

A.  Because  the  carbonic  acid  is  dissi-^ 
pated,  and  tlie  paper  fanned  into  flame. 

Q.     Why  does  watee  extinguish  a  eire  ? 

A.  1st — Because  it  forms  a  coating 
over  the  fuel,  which  keeps  it  from  the 
air :  and 

2ndly — The  conversion  of  water  into 

steam,  draws  off  the  heat  of  the  burning  fuel. 

Q.  A  LITTLE  WATER  Tua/ces  afire  eiercer, 
vohile  a  larger  quantity  of  water  puts  it  out  : 
Explain  how  this  is. 

A.    A  little  water  is  readily  converted 

into  steam,  which  increases  the  heat  of  a 

jQre;   but  water  plentifully  supplied  is 

not  converted  into  steam,  and  stops 

combustion. 

Q.  When  the  coals  upon  a  fire  are  small 
and  DUSTY,  why  are  they  sometimes  sprinkled 
with  water  ? 

A.  Because  water  makes  the  mass 
more  sohd,  and  the  steam  assists  to  heat 
the  coals  into  perfect  combustion. 
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Q.  When  a  liouse  is  on  Jire,  is  too  little 
water  worse  than  NONiS  ? 

A.  Certainly.  Unless  water  be  sup- 
plied so  plentifully  as  to  quench  the  fire, 
it  will  increase  its  intensity. 

Q.     When  loill  water  exttngttish  fiee  ? 

A.    When  the  supply  is  so  rapid  and 

abundant,  that  the  fire  cannot  convert 

it  into  steam. 

Q.  Does  not  a  very  little  water  slackeh" 
the  heat  of  fire  ? 

A.  Yes,  till  it  is  converted  into  steam; 
it  then  increases  the  intensity  of  fire. 

Q.  Why  does  the  wick  of  a  candle  (when  the 
fi,ame  has  heen  blown  oict)very  readily  catch  fieb  ? 

A.  Because  it  is  already  hot,  and  a 
very  little  extra  heat  will  throw  it  into 
flame. 

Q.    Why  does  the  extea  heat  revive  theflanw  f 
A.    Because  it  again  liberates  the 
hydrogen  of  the  tallow,  and  ignites  it. 

Q.  Cannot  wood  be  vnade  to  blaze  without 
actual  contact  with  fire  ? 

A.  Yes ;  if  a  piece  of  wood  be  held 
near  a  fire  for  a  httle  time,  it  will  blaze„ 
even  though  it  does  not  touch  it. 
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Q.  WTiy  will  WOOD  blazb,  even  if  it  does 
not  touch  fire  ? 

A.    Because  the  heat  of  fire  drives 

out  the  hydrogen  gas  of  the  wood ;  which 

gas  is  inflamed  by  the  fire.  * 

Q.  Will/  will  a  netghboue's  hofsb  some- 
times CATCH  FIEE,  though  no  flame  of  the  hurning 
house  ever  touches  it  ? 

A.  Because  the  heat  of  the  hurning 
house  sets  at  hherty  the  hydrogen  gas  of 
the  neighbouriug  wood-work;  and  this 
gas  is  ignited  by  the  flames  or  red-hot 
bricks  of  the  house  on  fire. 

The  gas  referred  to  in  both  these  answers,  is  not  pure,  but  impitre 
(or  carburetted)  hydrogen. 

Q.     What  is  coke  ? 

A.    Coal  freed  from  its  volatile  gases, 

by  the  action  of  artificial  heat. 

Q.  Why  does  Aenott's  stove  sometimes 
SMELL  very  strongly  of  sulphue  ? 

A.    Because  coke  contains  sulphur; 

and  whenever  the  draught  is  not  rapid 

enough  to  drive  the  sulphur  up  the  flue, 

it  is  emitted  into  the  room. 

Q.  What  is  meant  hy  spontaneous  com- 
bustion 'i 
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A.    Combustion  produced  without  the 

apphcation  offiame. 

Q.  Give  an  example  of  spontaneous  com- 
bustion. 

A.  Coals  stowed  in  the  hold  of  a  ves- 
sel, and  goods  packed  in  a  warehouse,  will 
often  catch  fire  of  themselves^ — especially 
such  goods  as  cotton,  flax,  hemp,  rags,  &c. 

Q.  Why  do  such  goods  sometimes  catch 
riEE  of  themselves  ^ 

A.  Because  they  are  piled  together 
in  large  masses  in  a  damp  state  or  place, 

Q.  Whi/  does  this  produce  spontaneous 
combustion  ? 

A.  Because  the  damp  produces  decay ; 
and  the  great  heat  of  the  piled-up  mass 
makes  the  decaying  goods  ferment 

Q.    How  does  this  teementation  produce 

COMBUSTION  ? 

A.  During  fermentation,  great  heat 
is  produced  by  chemical  action, — a  slow 
combustion  ensues, — till  at  length  the 
whole  'pile  bursts  into  flame. 

Q.  Why  is  the  heat  of  a  laege  mass  of 
goods  GEEATEE  than  that  of  a  smaller  quantity  '/ 

A.    Because  the  heat  produced  cannot 
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escape  through   the  massive   pile;  it 

therefore  accumulates,  and  raises  the 

temperature  of  the  heap. 

Q.  Why  do  HAT-STACKS  sometimes  catch 
FIEE  of  themselves  ? 

A.  Either  because  the  hay  was  got 
up  damp;  or  else  because  rain  has 
penetrated  the  stack. 

Q.  Why  vdll  a  hay-stacTc  catch  pieti,  if 
the  hay  he  damp  ? 

A.    Because  damp  hay  soon  decays, 

and  undergoes  a  state  of  fermentation, 

during  which  great  heat  is  produced, 

and  the  stack  catches  'fire. 

Q.  Is  the  HAT  in  a  stach  lyjtTEED  iy 
"HEATrNG-,"  if  it  does  not  catch  pike  ? 

A.  Yes  ;  it  is  frequently  charred  and 
turned  black ;  which  renders  it  unfit  for 
use. 

Q.  If  a  hay-stack  is  found  to  he  heating j""^ 
what  can  be  done  to  prevent  its  catching  fire,  or 
epoiling  the  hat  ? 

A.  Itmay  be  taken  down  andre-formed 
into  a  stack  after  it  has  been  further  dried : 
or  a  chimney  may  be  formed  in  the  middle 
of  the  stack  to  carry  off  the  heat. 
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CHAPTER  IV. 
SMOKE. 


Q.     Why  does  smohe  ascend  a  cliimney  ? 

A.  Because  the  air  of  the  room  pass- 
ing over  the  fire,  becomes  lighter  for 
being  heated;  and  (being  thus  made 
lighter)  ascends  the  chimney,  carrying 
the  smoke  with  it. 

♦ 

Q.  Why  does  lighter  heated  air  ascend  in 
a  chimney  ? 

A.  Because  the  heavier  cold  air  in 
the  room  presses  it  up. 

Q.  What  determines  the  rapidity  or  strength 
of  the  draught  in  a  chimney  ? 

A.  Tiie  difference  of  weight  between 
the  coldj  air  which  supplies  the  fire,  and 
the  hot  air  in  the  chimney  flue. 

Q.  Why  is  the  draught  of  a  short  flue  more 
slaclc  than  that  of  a  long  one  ? 

A.  Because  the  shorter  the  Jltie,  the 
less  difference  of  weight  is  there  between 
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the  ascending  current,  and  the  air  which 
presses  it  up  the  chimney. 

If  chimneys  are  too  high,  in  comparison  with  the  size  of  the  fire, 
the  ascending  air  gets  cold  before  it  reaches  the  top :  and  the 
draught  is  injured. 

Q.  Will/  do  SMOKE  and  steam  assume  a 
wreatliy  or  curly  form  ? 

A.  Because  they  are  pushed  round 
and  round  by  ascending  and  descending 
currents  of  air. 

Q.     What  are  blacks  ? 

A.  Smoke  condensed  into  flakes, 
which  fall  to  the  earth  by  their  own 
weight, 

Q.  Tfhy  are  there  no  Hacks  thrown  from 
the  funnel  of  a  railway  engine  ? 

A.  Because  condensed  steam  alone 
escapes  from  the  railway  engine,  which 
is  dissolved  by  the  air. 

The  fuel  burnt  in  the  furnace  is  so  perfectly  consumed,  owing  to 
the  sharpness  of  the  draught,  that  very  little  deposit  of  soot  can 
take  place. 

The  black  deposit,  which  sometimes  annoys  the  railway  traveller, 
arises  from  water  thrown  through  the  chimney  of  the  locomotive, 
made  dirty  in  its  passage. 

Q.  Why  does  a  "  ruENACE-riEE"  draw  tip 
more  fiercely  than  an  open  stove  ? 

A.  B  ecause  the  air,  which  sup- 
phes  the  fire,  must  pass  through  the 
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fvmace ;  and,  as  it  becomes  exceedingly 
heated,  rushes  up  tlie  chimney  with  great 
violence. 

Q.  What  produces  tlie  EOAEiNfl  noise  made 
hy  a  FUENACE  jftre  / 

A.    Air  rushing  rapidly  through  the 

crevices  of  the  iron  door,  and  up  the 

chimney  fine. 

Q.  Why  is  tlie  eoau  less  if  the  furnace 
DOOE  he  thrown  open  ? 

A.  Because  fresh  air  gets  access  to 
the  fire  more  easily ;  and,  as  the  air  is 
not  so  intensely  heated,  its  motion  is  not 
so  violent. 

Q.     Why  do  some  cniMNETS  smoke  ? 

A.  Because  fresh  air  is  not  admitted 
into  the  room  so  fast  as  it  is  consumed  hy 
the  fire ;  in  consequence  of  •which,  a  cur- 
rent of  air  passes  doivn  the  chimney  to 
supply  the  deficiency,  driving  the  smoke 
along  with  it. 

Q.  What  things  would  prevent  air  from  being 
supplied  as  fast  as  it  is  consumed  by  the  fire  ? 

A.  Leather  and  curtains  round  the 
doors;  sand-bags  at  the  threshold  and 
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on  the  window  frames ;  and  other  con- 
trivances to  keep  out  the  draught. 

Q.     Why  will  the  air  come  down  the  chimney? 

A.  Because  it  can  get  to  the  fire  in 
no  other  way,  if  the  doors  and  windows 

are  all  made  air-tight. 

Q.      What  is  the  best  remedy  in  siicli  a  case  ? 

A.  The  speediest  remedy  is  to  open 
the  door  or  window ;  but  by  far  the  best 
remedy  is  to  carry  a  small  tube  from  the 
hearth  into  the  external  air. 

Q.     Wliy  is  that  the  best  remedy  ? 

A.  Because  the  fire  will  be  plenti- 
fully supplied  with  air  by  the  tube :  the 
doors  and  windows  may  all  remain  air- 
tight ;  and  we  may  enjoy  a  warm  fire-side, 
without  the  inconvenience  of  draughts 
and  cold  feet. 

Q.  Why  is  a  cniMNEl  raised  so  high  above 
the  EOOE  ? 

A.    That  it  may  not  smoke ;  as  all 

funnels  do,  which  are  too  short. 

Q.  What  is  meant  by  the  eunnel  or  elues 
of  a  chimney  ? 

A.  That  part  of  a  chimney  through 
which  the  smolie  passes. 
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Q.  Why  does  a  CHiM^fET  smoke,  if  the 
funnel  he  very  short  ? 

A.  Because  the  draught  of  a  short 
flue  is  too  slack  to  carry  the  smoke  up 
the  chimney. 

Q.     On  what  does  the  intensity  of  fire  depend? 

A.  The  intensity  of  fire  is  always 
in  proportion  to  the  quantity  of  oxygen 
with  which  it  is  supphed. 

Q,  Does  the  draught  of  a  chhnney  depend 
on  the  SPEED  of  the  smoke  through  the  flue  ? 

A.  Yes.  The  more  quickly  hot  air 
flies  up  a  chimney,  the  more  quickly  cold 
air  will  rush  toiuards  the  fire  to  supply 
its  place ;  and,  therefore,  the  longer  the 
flue,  the  greater  the  draught. 

Q.  WJiy  are  the  chimneys  of  ^anueac- 
TOEiES  made  so  very  long-  ? 

A.   To  increase  the  intensity  of  the  fire. 

Another  reason  for  this  arrangement  is  to  prevent  the  annoyance 
caused  by  the  smoke  and  unwholesome  gases,  when  they  escape  too 
near  to  inhabited  dwellings. 

Q.  Why  is  the  intensity  of  a  fire  in- 
creased hy  LENGTHENING  a  ELITE  ? 

A.  Because  the  draught  being  greater, 
more  fuel  is  consumed  in  the  same  time; 
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and,  of  course,  the  intensity  of  the  heat 
is  proportionally  greater. 

Q.  If  a  SHORT  CHIMNEY  cannot  he  length- 
ened, what  is  the  best  remedy  to  prevent  smoking? 

A.  To  contract  the  opening  of  the 
chimney  contiguous  to  the  stove. 

Q.  WJig  will  a  smaller  opening,  above 
the  stove,  prevent  a  chimney'' s  smoking  ? 

A.  Because  the  air  will  be  compelled 
to  pass  nearer  the  fire ;  and  (being  more 
heated)  will  rise  through  the  chimney 
more  rapidly :  This  increase  of  heat  will, 
therefore,  compensate  for  the  shortness 
of  the  flue. 

Q.  Whi/  will  a  ROOM  smoke,  if  there  he 
two  eires  in  it  ? 

A.  Because  the  fiercer  fire  will  exhaust 
the  most  air;  and  may  draw  from  the 
smaller  one,  to  supply  its  demand. 

This  inconvenience  does  not  arise  in  large  rooms,  ■with,  fire  pro- 
perty adjusted. 

Q.  Will/  ivill  a  chimney  smoke,  if  there  he  a 
jire  in  two  rooms  communicating  loith  each  other? 

A.  Because  (whenever  the  door  be- 
tween the  two  rooms  is  opened)  air  will 
rush  from  the  chimney  of  the  inferior 
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fire  to  supply  the  other ;  and  both  rooms 
will  be  filled  with  smoke. 

Q.     What  is  the  best  eemedt  in  this  case  ? 

A.  To  carry  a  tube  from  the  hearth 
of  each  stove  into  the  external  au';  and 
then  each  fire  will  be  so  well  supphed, 
that  neither  will  need  to  borrow  from  the 
other. 

Q.     Why  do  VESTET  chimneys  so  often  smoJce  ? 

A.  Because  the  wind  (striking  against 
the  steeple)  is  reflected  back;  and, rushing 
down  the  vestry  chimney,  forces  the 
smoke  into  the  room. 

Q.     What  WINDS  ma?ce vestry  chimneys smohe? 

A  Those  from  the  north-east  or 
south-east ;  according  to  the  position  of 
the  vestry. 

Q.  Why  tvill  east  winds  maJce  vestries 
SMOKE,  more  than  west  winds  ? 

A.  Because  east  winds  strike  against 
the  steeple,  and  hound  bach  again  to  the 
vestry  chimney :  but  west  ivinds  cannot 
rebound  over  the  roof  of  a  church. 

N.B.  The  steeple  of  a  church  is  always  due  wesi,  and  the  other 
end  of  the  church  due  east ;  if,  Ihei  pfore,  a  west  wind  were  to  re- 
bound, it  would  rebound  to  the  west,  (or  away  f-tm  the  cfiwc-^ 
(uid  not  towards  it. 
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Q.  Why  does  a  house  in  a  vaxlet  very 
often  SMOKE  ? 

A.   Because  the  wind  (striking  against 

the  surrounding  hills)  hounds  hack  again 

upon  the  chimney,  and  destroys  its  di-aught. 

Q.  Wliat  is  the  common  eemedt  in  both 
these  cases  ? 

A.  To  fix  a  cowl  on  the  chimney-top, 
to  turn  like  a  weather-cock,  and  present 
its  back  to  the  wind. 

Q.  Wliy  will  not  a  COWL  always  pbevent 
a  chimney  smoking  ? 

A.    Because  a  strong  wind  will  keep 

the  opening  of  the  cowl  towards  the  steeple 

or  hill ;  and  then  the  reflected  wind  will 

blow  into  the  coivl  and  down  the  chimney. 

Q,  As  a  coiol  is  such  a  poor  remedy,  lohat 
OTHER  can  he  suggested? 

A.  If  the  chimney-flue  can  be  carried 
higher  than  the  steeple  or  hills,  no  wind 
can  enter  the  flue. 

Q.  If  a  chimney  flue  he  carried  up  higher 
than  the  steeple  or  hill,  why  cannot  the  wind 
enter  it  ? 

A.  Because  the  reflected  wind  would 
strike  against  the  sides  of  the  chimney- 
flue,  and  not  pass  over  its  opening  at  all. 
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Q.    In  what  OTHEB  cases  will  a  chimney 

SMOKE  ? 

A.  If  the  door  and  stove  are  both 
placed  on  the  same  side  of  a  room,  the 
chimney  will  often  smolje. 

Q.  Wlty  will  a  chimnist  smoke,  if  the 
DOOE  and  stoye  are  loth  on  the  same  side  ? 

A.  Because  (whenever  the  door  is 
opened)  a  current  of  air  will  hloiu  obliquely 
into  the  chimney -place,  and  drive  the 
smoke  into  the  room. 

Q.     What  remedy  can  he  applied  to  this  evil? 

A.  The  door  must  be  set  opposite  to 
the  chimney-place,  or  nearly  so ;  and 
then  the  draught  from  the  door  will  blow 
the  smoke  up  the  chimney,  and  not  into 
the  room. 

Q.     Wh^/  will  a  CHIMNEY  SMOKE  if  it  needs 

SWEEPING  ? 

A.  Because  loose  soot  obstructs  the 
free  passage  of  the  smoke,  checks  the 
current,  and  prevents  the  draught. 

Q.     Whi/  loill  a  CHIMNEY  SMOKE  if  it  be 

OUT  OE  EEPAIE  ? 

A.  1st — Because  the  loose  mortar  and 
bricks  obstruct  the  smoke  :  and 

Sndly — Cold  air  (oozing  through  the 
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chinks)  chills  the  air  in  the  chimneys,  and 

prevents  its  ascent. 

Q.  WJii/  will  an  Aenott's  stote  smoke, 
if  the  joints  of  the  flue  do  not  ft  air-tight  ? 

A.  Because  cold  air  (oozing  through 
the  joints)  chills  the  air  in  the  fine,  and 
prevents  its  ascent. 

Q.  Why  does  an  oldfashioned  taem  CHIM- 
NET-PLACE  generally  smoke  ? 

A.  Because  the  opening  is  so  very 
large,  that  much  of  the  air  which  goes 
up  the  chimney,  has  never  passed  near 
the  fire ;  and  this  cold  air  (mixing  with 
the  hot)  so  reduces  its  temperature,  that 
it  ascends  very  slowly,  and  the  di'aught 
is  destroyed. 

Q.     Why  does  a  chimney  smoke   if  the 

DEAUGHT  he  SLACK? 

A.  Because  the  current  of  air  up  the 
chimney  is  not  powerful  enough  to  huoy 
up  the  smoke  through  the  flue. 

Q.  If  the  opening  of  a  chimney  he  Too 
liAEGE,  vihat  EEMEDX  Can  he  applied  ? 

A.  The  chimney-place  must  be  con- 
tracted. 
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Q.  WTiy  will  coNTRACTiNa  the  cliimney- 
place  PEEVENT  its  smoking? 

A.  Because  the  air  will  then  pass 
nearer  the  fire ;  and  (being  more  heated] 
fly  faster  up  the  chimney. 

Q.  Why  do  almost  all  chimneys  smoke  in 
GTJSTX  weather  ? 

A.  Because  the  column  of  smoke  is 
suddenly  chilled  by  the  wind,  and  (being 
unable  to  ascend)  rushes  back  into  the 
room. 

Q.    What  is  the  use  of  a  chimnet-pot  ? 

A.  To  increase  the  draught,  when 
the  opening  of  a  chimney  is  too  large. 

Q.  How  does  a  chimney-pot  increase  the 
DEAUGHT  of  a  chimney? 

A.  1st — By  diminishing  the  aperture 
of  the  funnel,  and  thus  preventing  cold 
air  from  entering  the  chimney  to  chill 
the  warm  ascending  air :  and 

2ndly — By  lengthening  the  flue,  and 
increasing  the  draught. 

Q.  Why  do  tin-blowees  help  to  get  a 
fire  up  ? 

A.    Because  they  compel  the  air  to 
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go  through  the  fire,  and  not  over  it ;  in 
consequence  of  which,  the  fire  is  well 
supplied  with  oxygen,  and  the  draught 
gi'eatly  increased.  ^ 
Q.     Why  does  a  blowee  inceease  the 

DRAUGHT  ? 

A.  Because  it  compels  the  air  to  pass 
through  the  fire;  and,  being  made  much 
hotter,  it  ascends  the  chimnev  more 
rapidly. 

Q.  Wh/  is  afire  letter  supplied  with  oxygen 
while  the  Mower  hangs  hefore  it  'I 

A.  Because  the  draught  is  increased ; 
and  the  faster  the  hot  air  flies  the 
chimney,  the  faster  will  cold  air  rush 
towards  the  fire,  to  supply  it  with  oxygen. 

Q.  Wh/  does  a  parlour  often  smell  dis- 
agreeally  of  soot  in  stjmmee  time  ? 

A.  Because  the  air  in  the  chimney 
(being  colder  than  the  air  in  the  parlour) 
descends  into  the  room,  and  leaves  a 
disagreeable  smell  of  soot  behind. 

Q.  Why  are  the  ceilings  op  public 
OEFiCES  generally  black  and  filthy  ? 

A.    Because  the  heated  air  of  the  office 
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carries  up  the  dust  and  fine  soot ;  which 
is  deposited  on  the  ceihng. 

Q.  Why  are  some  parts  of  the  ceiling 
BLACKEE  and  more  filthy  than  others? 

A.  Because  the  ceihng,  by  the  drying 
of  the  plaster,  becomes  uneven,  and  the 
currents  of  air  which  pass  over  it,  deposit 
the  dust  or  fine  soot  on  the  more  promi- 
nent parts. 

Q.       Wliat  is  CHAECOAL  ? 

A.  Wood  which  has  been  exposed  to' 
a  red  heat,  till  it  has  been  deprived  of  all 
its  gases  and  volatile  parts. 

Q.  TPJiy  is  a  chaecoal  fiee  hotter  than  a 
wood  fire  ? 

A.  Because  charcoal  is  nearly  pure 
carbon,  wdiile  wood  contains  other  ele- 
ments ;  and,  as  it  is  the  carbon  of  fuel 
which  produces  the  glowing  heat  of  com- 
bustion, therefore,  the  pm-er  the  carbon, 
the  more  mtense  will  the  heat  of  a  fire 
be. 

Q.  Why  does  charcoal  eemote  the  taint 
of  meat  ? 

A.    Because  it  absorbs  all  puti'escent 
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effluvia,  Avhether  they  arise  from  animal 
or  vegetable  matter. 

Q.  Why  is  WATEE  PUEIFIED  hi/  heing 
filtered  through  charcoal  ? 

A.  Because  charcoal  absorbs  the  im- 
piirities  of  water,  and  removes  all  dis- 
agreeable tastes  and  smells,  whether  they 
arise  from  animal  or  vegetable  matter. 

Q.  Whg  are  tvater  and  wine  casks  chaeeed 
inside  ? 

A.  Because  charnng  the  inside  of  a 
(;ask  reduces  it  to  a  kind  of  duircoal ; 
and  charcoal  (by  absorbing  animal  and 
vegetable  impurities)  keeps  the  liquor 
sweet  and  good. 

Q.  WTig  does  a  piece  o/"  buent  beeab  make 
impure  water  more  jit  to  drink  ? 

A.  Because  the  surface  of  the  bread 
(which  has  been  reduced  to  charcoal  bv 
being  burnt)  corrects  the  impm'ities  of 
tlie  water,  and  makes  it  palatable. 

Q.  Why  should  toast  and  watee,  placed 
hy  the  side  of  the  sick,  be  made  of  bxsr^t  bread 

A.    Because  the  charcoal  surface  of 
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burnt  bread  prevents  the  water  from 
being  affected  by  the  impurities  of  a 
sick  room. 

Q.  Why  are  timbees,  which  are  to  he 
exposed  to  damp,  charred  ? 

A.  Because  charcoal  undergoes  no 
change  by  exposure  to  air  and  water :  in 
consequence  of  which,  timber  will  resist 
weather  much  longer,  after  it  has  been 
charred. 

Q.  ITHiij  are  posts,  which  are  jixed  in  the 
(/round,  charred  ? 

A.  Because  charred  wood  resists 
decay,  (which  would  otherwise  affect  the 
part  underground,)  from  the  moisture  of 
the  earth. 

Q.  What  precaution  is  necessary  in  char- 
ring posts  ? 

A.  To  continue  the  "  charring"  be- 
yond the  part  buried  in  the  ground ; 
lest  the  post  should  decay  at  the  hase, 
from  rain  and  other  moisture  on  the 
earth's  surface. 

The  post  should  be  charred  to  about  one  foot  above  the  ground. 
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CHAPTER  V. 


LAMPS  AND  CANDLES. 


Q.     Of  what  are  oil,  tallow,  and  wax 

composed  ? 

A.  Principally  of  carbon  and  hydro- 
gen gas.  The  solid  part  is  carbon,  the 
volatile  part  is  hydrogen  gas. 

Oxygen  also,  in  small  proportions,  enters  into  the  composition  of 
Buine  substances  used  for  candles. 

Q.     What  is  CAiiBON  ? 

A.  A  solid  substance,  generally  of  a 
black  colour;  well  known  under  the 
forms  of  charcoal,  lamp-black,  coke,  &c. 

Q.       What  is  IITDROGEN  GAS  ? 

A.  One  of  the  elements  of  water. 
It  burns  so  readily,  that  it  used  to  be 
called  "  inflammable  air,"* 

Common  coal  gas  is  a  compoimd  of  carbon  and  hydrogen,  called 
"  carburcttcd  hydvogen."    See  p.  293. 

Q.  A  CANDLE  BUENS  when  lighted  — Explain 
how  this  is. 

■  A.  The  heat  of  the  lighted  wick 
decomposes  the  talloiv  or  umx ;  and  forms 
vapour  of  water,  and  cai'bonic  acid  gas. 

•  Directions  ""or  making  hydrogen  gas  are  given  on  p.  37. 
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Q.  How  are  vapour  of  water  and  carhonic 
acid  gas  formed  from  the  burning  tallow  or  wax 
of  a  candle  ? 

A.  The  hjdrogen  of  the  candle,  com- 
bining with  the  oxygen  of  the  air,  forms 
vapour  of  ivater :  and  the  carbon  of  the 
candle,  combining  with  the  oxygen  of  the 
air,  forms  carbonic  acid  gas. 

Q.  Wheee  is  the  tallow  or  wax  of  a  candle 
decomposed  ? 

A.  In  the  wicli.  The  melted  tallow, 
or  wax,  rises  up  the  luich  by  capillary 
attraction,  and  is  rapidly  decomposed  by 
the  heat  of  the  flame. 

Q.       What  is  CAPILLABT  ATTRACTION  ? 

A.  The  power  which  very  minute 
tubes  possess,  of  causing  a  liquid  to  rise 
in  them  above  its  level. 

"Capillary,"  from  the  Latin  word,  "capillaris"  (KAe  a  hair); 
the  tubes  referred  to  are  almost  as  fine  and  delicate  as  a  hair. 

Water  ascends  through  a  lump  of  sugar,  or  piece  of  sijonge, 
capillary  attraction.    N.B.  The  smaller  a  tube,  the  higher  wiL  a 
liquid  be  attracted  iu  it. 

Q.     Why  is  the  plame  of  a  candle  hot  ? 

A.  Because  it  liberates  latent  heat 
from  the  air  and  tallow. 

Q.  How  is  LATENT  HEAT  liberated  by  the 
flame  of  a  candle  ? 
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A.  "When  the  elements  of  the  tallow 
combine  with  the  oxygen  of  the  air,  latent 
heat  is  liberated  by  the  chemical  changes. 

Q.    Why  does  thejlame  of  a  candle  produce 

LIGHT  ? 

A.  Because  the  chemical  changes 
made  by  combustion,  excite  undulations 
of  luminous  ether,  which  (striking  the  eye) 
produce  hght.    (See  p.  47.) 

Q.  Describe  the  different  parts  of  the  flame 
of  a  common  candle. 

A.  The  flame  consists  of  three  cones  : 
The  inner  or  hollow  cone,  in  which  no 
combustion  takes  place ; — the  interme- 
diate cone  or  area  of  partial  combustion, 
in  which  the  hydrogen  is  chiefly  con- 
sumed;— and  the  outer  cone  or  area  of 
perfect  combustion,  in  which  the  carbon 
is  principally  burned. 

Q.     Wily  does  the  inside  of  the  fame  appear 

nOLLOW  ? 

A.  Because  it  is  filled  with  invisible 
vapour  raised  from  the  candle  by  the 
heat  of  the  wick  ;  which  cannot  be  burnt 
uidess  in  contact  with  the  air. 
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Q.  From  which  part  of  the  Jlame  is  the 
greatest  illuminating  power  derived  ? 

A.  From  the  inteimediate  cone,  in 
which  the  burning  gas  raises  the  particles 
of  carbon  to  a  white  heat;  upon  which 
the  illuminating  power  depends. 

Q.  Why,  for  the  most  part,  is  only  the 
hydrogen  consumed  in  the  intermediate  cone  ? 

A.    Because  the  oxygen  of  the  an-  has  a 

greater  affijiitijfor  hydrogen  than  for  carbon ; 

and  that  which  penetrates  to  this  part  of  the 

flame,  not  being  sufficient  to  combine  with 

both,  unites  with  hijdrogen  to  form  loater. 

Q.  Why  is  the  middle  cone  in  a  state  of 
less  perfect  combustion  than  the  outer  ? 

A.  Because  the  outer  cone  prevents 
the  oxygen  of  the  air  from  getting  freely 
to  the  middle  of  the  flame  ;  and  without 
free  access  of  oxygen,  there  cannot  be 
complete  combustion. 

Q.  Why  is  the  outee  of  less  illuminating 
POWEE  than  the  inteemediate  cone  ? 

A.  Because  the  incandescent  carbon, 
which  passes  to  the  outer  cone,  is  imme- 
diately consumed  by  combining  with  the 
oxygen  of  the  air,  to  form  carbonic  acid  gas. 

"  Incandescent,"  that  is,  heated  to  whiteness. 
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Q.     Wliy  is  the  BOTTOM  of  the  flame  purple  ? 

A.  Because  it  contains  very  little 
incandescent  carbon,  on  which  the  illu- 
minating power  of  a  candle  depends. 

Q.     Why  does  the  fl^ame  of  a  candle  point 

TJPWAEDS  ? 

A.  Because  it  heats  the  surrounding 
air,  which  (being  hut)  rapidly  ascends, 
carrying  the  flame  upwards  at  the  same 
time. 

Q.  Why  is  the  flame  of  a  candle  pointed 
at  the  top,  like  a  cone  ? 

A.  Because,  as  the  cone  of  heated 
vapour  rises,  it  is  consumed;  and  its 
surface  being  diminished,  o,  pointed  form 
is  given  to  the  flame. 

"  Consumed,"  that  is,  converted  into  vapour  of  water  and  car- 
bonic acid  gas. 

Q.  Why  is  the  elame  of  a  candle  blowit 
out  by  apiif  of  breath  ? 

A.  Because  it  is  severed  from,  the  ivick, 
and  goes  out  for  want  of  support. 

Q.  Why  does  the  elame  of  a  candle  make 
a  glass  (which  is  held  over  it)  damp  ? 

A.  Because  a  "watery  vapour"  is 
made,  by  the  combination  of  the  htjdrogen 
of  the  tallow  with  the  oxygen  of  the  air ; 
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which  is  condensed  by  the  cold  glass, 
held  above  the  flame. 

Water  is  composed  of  oxygen  and  hydrogen  gases,  cliemically 
united. 

Q.  Will/  does  tJie  hand,  held  above  a  candle, 
suffer  more  from  heat,  than  when  it  is  placed 
BELOW  the  flame,  or  on  one  side  of  it? 

A.  Because  the  ascending  heated  aii 
comes  in  contact  with  the  hand  placed 
above  the  flame ;  but  when  the  hand  is 
placed  helow  the  flame  or  on  one  side,  it 
only  feels  heat  from  radiation. 

"Radiation:"  i.e.  emission  of  raj's.  The  candle-flame  throws 
out  rays  of  light  and  heat  in  all  directions ;  hut  when  the  hand  is 
held  above  the  flame,  it  not  only  feels  the  heat  of  the  rays,  but  also 
of  the  ascending  current  of  hot  air. 

Q.  Why  is  a  eush-light  extinguished  more 
quickly  than  a  cotton-ioick  candle  ? 

A.  Because  a  hard  rush  imbibes  the 
melted  fat  or  wax  much  more  slowly 
than  porous  cotton  ;  as  it  imbibes  less  fat, 
it  supplies  a  smaller  volume  of  comlmstibl-e 
gases;  the  flame  is,  therefore,  smaller, 
and  more  easily  extinguished. 

Q.  WJiy  is  it  more  difficult  to  blow  out  a 
cotton  wick,  than  a  rush-light  ? 

A.  Because  porous  cotton  imbibes  tne 
melted  fat,  or  wax,  much  more  quickly. 
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than  hard  rush  :  as  it  imbibes  more  fat, 
it  supphes  the  jflame  with  a  larger 
volume  of  combustible  gases ;  and,  of 
course,  the  hght  is  with  more  difficulty 
extinguished. 

Q.  Why  is  a  gas  tlame  more  easily  extin- 
guished, when  the  jet  is  very  slightly  turned  on, 
than  when  it  is  in  full  stream  ? 

A.  Because  there  is  less  volume  of 
combustible  gases  in  the  small  flame, 
than  in  the  full  blaze. 

Q.  Wliy  does  an  extinguishee  put  a  can- 
die  out  ? 

A.  Because  the  air  in  the  extinguisher 
is  soon  exhausted  of  its  oxygen  by  the 
flame :  and  when  there  is  no  oxygen, 
flame  goes  out. 

Q  Why  does  not  a  candle  set  fire  to  a 
PIECE  OE  PAPER  twisted  itito  an  extinguisher, 
and  used  as  such  ? 

A.  1st — Because  the  flame  very  soon 
exhausts  the  oxygen  contained  in  the 
paper  extinguisher :  and 

2ndly — The  flame  invests  the  inside  of 
the  paper  extinguisher  with  carbonic  acid 
gas,  which  prevents  it  from  blazing. 
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Q.     Wliy  is  a  LONG  WICK  never  upright  ? 

A.    Because  it  is  bent  by  its  own 
weight. 

Q.  A  LONG  WICK  is  covered  wiili  an  efflo- 
BESCENCE  at  the  top. —  What  does  this  arise  from? 

A.  This  knotty  or  flowery  appearance 
ai'ises  from  an  accumulation  of  charred 
particles  of  cotton,  which  have  not  been 
completely  burnt,  because  the  oxygen  of  fi, 
the  atmosphere  has  been  kept  from  them 
by  the  outer  cone  of  the  flame. 

Q.     Why  is  not  the  end  of  a  long  wich 
burnt  off',  as  it  hangs  over  the  Jlame  ? 

A.  Because  the  leiigili  and  thichiess 
of  the  unburnt  wick  so  diminishes  the 
Jlame  and  checks  combustion,  that  tliere  is 
not  heat  enough  to  consume  the  charred 
particles. 

Q     Why  do  the  toiclcs  of  Palmer^s  candles 
never  require  smiffing  ? 

A.    Because  the  wick  is  divided  into 
two  or  more  parts,  which,  with  the  assist 
ance  of  a  jine  wire  twisted  witli  the  cot- 
ton, spread  and  project  heijond  the  jlame; 
where  they  are  readily  consumed.  3^ 

Immediately  the  ■n-ick  reaches  the  outer  cone  of  the  flame  it  is 
couEumcd,  because  the  supply  of  oxygen  is  very  plentiful  there. 
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Q.  Why  do  common  candles  require  to  he 
snuffed? 

A.  Because  the  wick  is  surrounded 
by  the  outer  cone  of  the  flame,  which 
prevents  a  sufficient  supply  of  oxijgen  to 
cause  complete  combustion. 

Q.  Why  do  wax  and  composite  candles  never 
reguire  snvffing  ? 

■!A.  Because  the  wick  is  so  platted 
as  to  bend  into  the  outer  cone,  where  it 
is  completely  consumed. 

Q.  Why  is  this  plan  not  adopted  in  malting 
tallow  candles  ? 

A.  Because  the  bending  of  the  wick, 
which  causes  part  of  the  flame  to  pro- 
ject, would  melt  the  tallow  on  one  side  too 
quickly,  causing  the  candle  to  "  gutter.'' 

Tallow  melts  at  a  lower  temperature  than  wax  or  stcarine  ;  which 
prevents  the  employment  of  this  plan  for  consuming  the  wick. 

Q.     What  is  the  smoke  of  a  candle  ? 

A.  Solid  particles  of  carbon,  separated 
from  the  wick  and  tallow,  but  not  con- 
sumed. 

Q.     Why  are  some  particles  consumed,  and 

not  OTHEES 
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A.  Because  the  outer  surface  of  the 
flame  prevents  the  access  of  air  to  the  in- 
terior parts,  whence  much  of  the  carbon 
passes  off  in  smoke. 

The  combustion  of  the  carbon  depends  upon  its  combining  with 
the  oxygen  of  the  air. 

Q.       Why  do  LAMPS  SMOKE  ? 

A.  Either  because  the  ivich  is  cut 
unevenly,  or  else  because  it  is  turned  up 
too  high. 

Q.     Will/  does  a  lamp  smoke,  when  the 

WICK  is  cut  UNEVENLY  P 

A.  Because  the  points  of  the  jagged 
edge  project  into  the  flame,  where  the 
supply  of  oxygen  is  not  sufficient  to 
consume  all  the  carbon. 

Q.  IVhi/  does  a  lamp  smoke,  when  the 
"WICK  is  turned  up  too  high  ? 

A.  Because  more  carbon  is  separated 
from  the  wick,  than  can  be  consumed  hy 
the  flame. 

Q.     TVJii/  do  not "  ab&and  buenees"  smoke? 

A.  Because  a  current  of  air  passes 
through  the  middle  of  the  flame  ;  in  con- 
sequence of  which,  the  carbon  of  the 
interior  is  consumed,  as  well  as  that  in 
tlie  outer  coating  of  the  flame. 
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Q.  Why  does  a  lamp-glass  diminish  tlie 
SMOKE  of  a  lamp  ? 

A.  1st — Because  it  increases  the 
supply  of  oxygen  to  the  flame,  by  pro- 
ducing a  draught ;  and 

Sndly — It  concentrates  and  reflects  the 
heat  of  the  flame :  in  consequence  of 
which,  the  combustion  of  the  carbon  is 
more  -perfect,  and  very  Httle  escapes 
unconsumed. 


CHAPTER  VI. 
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Q.     Wliat  is  tlie  cause  of  animal  heat  ? 

A.  Animal  heat  is  produced  by  the 
conihustion  of  hydrogen  and  carbon  in  the 
capillary  vessels. 

Q.     What  are  capillary  vessels  ? 

A.  Vessels  as  smcdl  as  hairs  running 
all  over  the  body ;  they  are  called  capillary 
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from  tlie  Latin  word  "  capilla'ris"  {like  a 
hair.) 

Q.  Do  these  capillaet  tessels  run  all 
over  the  human  body  ? 

A.  Yes.  Whenever  hlood  flows  from 
a  ivound,  some  blood-vessels  must  be 
divided ;  and,  as  you  can  bring  blood  from 
any  part  of  the  body  by  a  very  shght 
wound,  these  little  vessels  must  run 
through  every  part  of  the  human  frame. 

Q.  JIoio  do  Hi'DEOGEN  ffas  and  caebon  ffet 
into  these  very  mimUe  vessels  ? 

A.    The  food  we  eat  is  converted  into 

hlood ;  and  blood  contains  both  hydrogen 

and  carbon. 

Q.  Mow  does  combustion  take  place  in  the 
capillary  vessels  ? 

A.  The  carbon  of  the  blood  combines 
with  the  oxygen  of  the  air  we  breathe,  and 
forms  carbonic  acid  gas. 

Q.  What  lecomes  of  this  CAEBONIO  ACID 
GA.^,  formed  in  the  human  hlood? 

A.  The  lungs  throw  off  almost  all  of 
it  into  the  air,  by  the  act  of  expiration. 

Q.     What  GAS  is  generated  in  a  common 

FIEE  hy  COMBUSTION 
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A.  Carhonic  acid  gas, — formed  by  the 
union  of  the  carbon  of  fuel  with  the 
oxygen  of  air. 

Q.  What  GAS  is  generated  iy  a  liglited  CXS- 
DLB  or  LAMP  ? 

A.  Carbonic  acid  gas, — formed  by  the 
union  of  the  carbon  of  oil  or  talloio  with 
the  oxygen  of  air. 

Q.     Tf^hat  is  the  cause  of  heat  in  the  anima  l 

sijstem  ? 

A.  It  is  produced  by  a  species  of  slow 
combustion  in  the  body. 

Q.  Does  the  HF.A.Tofthe  rnjMAN  "bodt  arise 
from  the  same  cause  as  the  heat  of  fire  ? 

A.  Yes,  it  does.  The  carbon  of  the 
blood  combines  with  the  oxijgen  of  the  air 
inhaled,  and  produces  carbonic  acid  gas. 

Q.  If  animal  heat  is  produced  hy  combus- 
tion, why  does  not  the  human  body  bukk  up 
Uke  a  coal  or  candle  ? 

A.  It  actually  does  so.  Every  mus- 
cle, nerve,  and  organ  of  the  body,  icastes 
away  like  a  burning  lamp ;  and  (being 
reduced  to  air  and  ashes)  is  rejected  from 
the  system  as  useless 

I  3 
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Q.  Jf  every  hone,  muscle,  nerve,  and  organ 
is  tlms  consumed  hy  combustion,  why  is  not  the 
hody  entirely  consumed  ? 

A.  It  would  be  so,  unless  the  parts 
destroyed  icere  perpetually  renewed :  but 
as  a  lamp  will  not  go  out,  so  long  as  it 
is  supplied  with  fresh  oil;  neither  will 
the  hodij  be  consumed,  so  long  as  it  is 
supplied  loith  sufficient  food. 

Q.  What  is  the  principal  difference  between 
the  comhustion  of  a  riEE  or  lamp,  and  that  of 

the  HUMAN  BODY  ? 

A.  In  the  human  body,  the  combus- 
tion is  affected  at  a  much  loioer  tempera- 
ture;  and  carried  on  more  slowly  than 
in  a  lamp  or  fire. 

The  fire  of  one's  body  is  not  hotter  than  from  90  to  104  degrees. 
This  heat  is,  nevertheless,  sufficient  to  burn  some  things.  For 
example,  a  little  piece  of  phosphorus  will  ignite,  if  it  gets  by  acci- 
dent undei  the  nail. 

Q.  Soio  is  it  that  carhon  can  he  made  to  hum 
at  so  LOW  a  temperature  in  the  himan  hody  ? 

A.  Because  the  carbon  in  the  blood 
is  reduced  to  very  minute  particles^  ready 
to  undergo  a  rapid  change  immediately 
oxygen  is  supplied. 

Q.  When  a  man  is  stauved,  what  parts  of 
the  body  go  frst  ? 
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A.  First  the  fat,  because  it  is  the 
most  combustible ;  afterwards  the  muscles ; 
and  then  the  man  dies,  hke  a  lamp 
which  is  burnt  out. 

Q.  Whi/  does  want  of  sufficient  noueish- 
MENT  often  produce  madness  ? 

A.  Because  while  the/ai  and  muscles 
of  the  body  are  consuming  by  animal 
combustion,  the  brain  also  is  attacked ; 
and  disease  is  produced  in  it  before  it  is 
finally  destroyed. 

Q.     Why  does  a  man  sheikk,  when  staeyed  ? 

A.  Because  the  capillary  fires  feed 
upon  the  human  hocly,  when  they  are  not 
supplied  with  food-fuel,  A  starved  man 
shrinks  jws?  as  a  fire  docs,  when  it  is  not 
supplied  with  fuel. 

Q.     What  is  the  fuel  of  the  body  ? 

A.  Food  is  tlie  fuel  of  the  body. 
The  carbon  of  the  food,  combining  with 
the  oxygen  of  the  air,  evolves  heat,  in  the 
same  way  that  a  fire  or  candle  does. 

Q.     Wliy  is  EVEET  part  of  the  body  waem  ? 
A.    Because  the  capillary  vessels  run 
tlirough  every  part  of  the  human  body, 
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and  the  combustion  of  blood  takes  place 
in  the  capillary  vessels.    (See  p.  86.) 

Q,     Whi/  does  EUNNINQ  viaJce  us  warm  ? 

A.  Because  we  inhale  more  air,  and 
cause  the  blood  to  pass  more  rapidly 
through  the  lungs.  B.unning  acts  upon 
blood  in  the  capillary  vessels,  as  a  pair 
of  belloivs  on  a  common  fire. 

Q.  Wliy  does  inhaling  air  eapidlt  maTce 
the  hody  feel  "WAEM  ? 

A.  Because  more  oxygen  is  introduced 
into  the  body.  In  consequence  of  which, 
the  combustion  of  the  blood  is  more  rapid, 
—  the  blood  itself  more  heated,  —  and 
every  part  of  the  body  is  made  warmer. 

Q.     Why  does  haed  woek  produce  htjngee? 

A.  Because  it  produces  quicker  respi- 
ration; by  which  means,  a  larger  amount 
of  oxygen  is  introduced  into  the  lungs, 
and  the  capillary  combustion  increased. 
Hunger  is  the  notice,  (given  by  our  body) 
to  remind  us,  that  om  food-fuel  must  be 
replenished. 

Q.  Why  do  want  of  exercise  and  too  abun- 
dant feeding  maJce  menJat  or  ill  ? 
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A.  Because  more  hydrogen  and  car- 
bon are  taken  into  the  hlood  than  can 
be  consumed  by  the  respiration;  these 
therefore,  either  turn  to  fat,  or  cause 
some  disturbance  in  the  system,  which  is 
called  disease. 

Q.  Wht/  do  siXGiNG  and  reading  aloud 
make  us  feel  hungry  ? 

A.  Because  they  increase  respiration  ; 
and,  as  more  oxygen  is  introduced  into 
the  lungs,  our  food-fuel  is  more  rapidly 
consumed 

Q.  Why  do  we  feel  less  nuNGEY  in  the 
night,  than  in  the  day  ? 

A.  Because  we  breathe  more  slowly 
during  sleep ;  therefore,  less  oxygen  is 
introduced  into  the  lungs,  to  consume 
onr  food-fuel. 

Q.  Why  do  we  need  wabmeb  clothikg  by 
ITEGHT,  than  by  DAT  ? 

A.  1st — Because  the  night  is  gene- 
rally  colder  than  the  day :  and 

Sndly — Because  we  breathe  more 
slowly :  In  consequence  of  which,  animal 
combustion  is  retarded,  and  om-  bodies 
arc  colder. 
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Q.     Will/  do  we  PEESPTEE,  when  very  hot  ? 

A.  Because  the  pores  of  the  skin  ai-e 
thrown  open  to  let  some  of  the  fluids  of 
the  blood  escape. 

Q.  Why  do  persons  feel  lazt  and  averse  to 
exereise,when  they  are  half-staeved  or  ill- fed  ? 

A.  Because  desire  for  muscular  action 
ceases,  when  the  body  is  not  supplied  with 
nutritious  food. 

Q.  Why  have  persons,  who  follow  haed  otjt- 
0"F-DOOBS  OCCUPATIONS,  more  APPETITE  than 
those  who  are  engaged  in  sedentaey  pursuits  ? 

A.  Because  hard  bodily  labour  in  the 
open  air  causes  much  oxygen  to  be  conveyed 
into  the  lungs  by  mspiration;  the  com- 
bustion of  the  food  is  carried  on  quickly; 
animal  heat  increased;  and  need  for 
nutritious  food  more  quickly  indicated 
by  craving  hunger. 

Q.  Why  have  persons,  who  follow  seden- 
TAET  PUESUITS,  less  APPETITE  than  ploughmen 
and  masons  ? 

A.  1st — Because  the  air  they  inhale 
is  less  pure,  being  deprived  of  some  of  its 
oxygen :  and 
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Sndly — Their  respiration  is  neither  so 

quick,  nor  so  strong ;  and,  therefore,  the 

combustion  of  their  food  is  caiiied  on 

more  slowly. 

Q.  Why  do  ive  like  strong  meat,  and  geeast 
food,  when  the  weather  is  very  cold  ? 

A.    Because  strong  meat  and  grease 

contain  large  portions  of  carbon  and 

hydrogen ;  which  produce  a  lai'ger  amount 

of  heat  (when  burned  in  the  blood)  thau 

any  kind  of  food. 

Q.  Why  do  persons  eat  mgee  food  in  cold 
weather,  than  in  hot? 

A.  Because  the  body  requnes  more 
'  fuel  in  cold  iveather,  to  keep  up  the  same 
amount  of  animal  heat;  and  as  we  put 
more  coals  on  a  fire  on  a  cold  day,  to  keep 
our  room  warm,  so  we  eat  more  food  on 
a  cold  day,  to  keep  our  body  warm. 

Q.     Why  does  cold produee 'BJJ'SQ^^? 

A.  1st — Because  the  air  contains 
more  oxygen  in  cold  weather ;  and,  there- 
fore, fires  burn  more  fiercely,  and  animal 
combustion  is  more  rapid :  and 

Sndly — As  we  are  more  active  in  cold 
weather,  our  increased  respiration  acts 
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lihe  a  pair  of  hello ws  on  the  capillary 
combustion. 

Q.  Wh}/  does  rapid  digestion  produce  a 
craving  appetite  ? 

A.  This  is  a  wise  provision  to  keep 
our  bodies  in  health  ;  hunger  gives  notice 
that  the  capillary  fires  need  replenishing, 
in  order  that  the  hodij  itself  may  not  be 
consumed. 

Q.  Wliy  do  we  feel  a  desire  for  activity 
in  cold  weather  ? 

A.  1st — Because  activity  increases 
the  warmth  of  our  body,  hxj  fanning  the 
combustion  of  blood :  and 

Sndly — The  strong  food  we  eat  creates 
a  desne  for  muscular  exertion, 

Q.  Tf^hi/  are  the  Esquimaux  so  passionately 
fond  of  TEAiN  OIL,  and  whale  blubber  ? 

A.  Because  oil  and  blubber  contain 
large  quantities  of  carbon  and  hydrogen^ 
which  are  exceedingly  combustible ;  and 
the  Jhieat  of  then  bodies  is  increased  by 
the  greasy  nature  of  their  food. 

Q.  Why  do  we  feel  a  dislike  to  strong 
meat  and  greasy  food  in  very  hot  weather  ? 
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A.  Because  strong  meat  and  grease 
contain  so  much  carbon  and  hydrogen, 
that  they  would  make  us  intensely  hot ; 
we,  therefore,  instuictively  refuse  them 
in  hot  weather. 

Q.  Why  do  we  liJce  muiTS  and  vege- 
tables most  in  hot  weather/' 

A.  Because  they  contain  less  hydrogen 
and  carbon  than  meat;  and,  therefore, 
produce  not  only  less  blood,  but  blood  of 
a  less  combustible  nature. 

Q.  Why  is  our  blood  of  a  less  combustible 
nature,  if  toe  live  chiefly  tipon  muiTS  and  yege- 

TABLES  ? 

A.  Because  fruits  and  vegetables 
supply  the  blood  with  a  very  large  amount 
of  water;  which  is  not  combustible,  like 
the  carbon  and  hydrogen  of  strong  meat. 

Q-  ITow  do  EETJiTS  and  vegetables  cool 
the  blood  ? 

A,  1st — They  diminish  the  amount 
of  carbon  and  hjdrogen  in  the  blood, 
which  are  the  chief  causes  of  animal 
heat :  and 

J^udly — Tliey  supply  the  blood  with  a 
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large  amount  of  water  which  exudes 
through  the  shin,  and  leaves  the  body  cool. 

Q.  Whi/  do  we  feel  lazy  and  averse  to  acti- 
vity in  very  noT  weather  ? 

A.  1st — Because  muscular  activity 
increases  the  heat  of  our  body,  by 
quickening  respiration :  and 

Sndly — The  food  we  eat  in  hot  weather 

(not  being  greasij)  naturally  abates  our 

desire  for  bodily  activity. 

Q.  Why  do  the  inhabitants  of  teopical 
countries  live  chiejly  upon  iiiCE  and  teuit  ? 

A.  Because  rice  and  fruit  (by  diges- 
tion) are  mainly  converted  into  water ; 
and  (by  cooling  the  blood)  prevent  the 
tropical  heat  from  feeling  so  oppressive. 

Q.     Why  are  the  ill-fed  instinctively  averse 

to  CLEANLINESS  ? 

A.  Because  cleanliness  increases  hun- 
ger, which  they  cannot  allay  by  food. 

The  force  of  bad  habits,  ■without  doubt,  has  more  to  do  with  this 
result,  than  the  scientific  fact  mentioned  above. 

Q.  Why  does  the  frequent  use  of  baths 
generally  tend  to  improve  health  ? 

A.  Because  it  keeps  the  pores  of  the 
body  free  from  obstruction  :  and  promotes 
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a  healthy  performance  of  the  functions 
of  the  skin. 

Q.     Why  are  very  poob  people  instinctively 

ATERSE  to  VENTILATION  ? 

A.  1st — Because  ventilation  increases 
the  amount  of  oxygen  in  the  air, — the  com- 
bustion of  food,  and  the  cravings  of 
appetite;  and 

Sndly — ^Ventilation  cools  the  air  of  a 
room:  to  poor  people,  therefore,  who  are 
ill-clad,  the  warmth  of  an  ill-ventilated 
apartment  is  agreeable. 

Q.     Why  are  birds  hot-blooded  creatures  ? 

A.  Because  they  breathe  (/la'c^c^?/;  and 
the  combustion  of  their  blood  is  very 
rapid,  from  the  abundance  of  oxygen 
introduced  into  their  bodies. 

Q.     Why  are  children  hotter  than  old 'people  ? 

A.  Because  they  breathe 77ior<3  quickhj ; 
and  more  oxygen  is  introduced  into  their 
blood  to  supply  the  capillary  fire. 

The  heart  heats  more  (jiiiokly  in  the  jTung  than  in  the  old  The 
pulsations  are  often  140  m  a  minute  in  iniiuits ;  and  not  more  than 
70  in  a  minute  in  the    ry  aged. 

Q  Are  BEARS  and  dormice  colder  during 
their  winter  sleep  ? 
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A.  Yes.  Because  their  breathing 
and  circulation  almost  cease. 

For  the  same  I'eason  they  are  ahle  to  dispense  with  food  for  so 
long  a  time. 

Q.     Wliy  are  i-eogs,  jtishes,  snakes,  and 

LIZARDS,  COLD-BLOODED  anwials  ? 

A.  Because  they  consume  very  little 
air ;  and,  without  a  plentiful  supply  of 
air,  combustion  is  too  slow  to  generate 
much  animal  heat. 

Q.     Wliy  is  a  dead  body  cold? 

A.  Because  air  is  no  longer  conveyed 
to  the  lungs,  after  respiration  has  ceased : 
and,  therefore,  animal  heat  is  no  longer 
generated  hy  combustion. 


CHAPTER  VII. 


MECHANICAL  ACTION. 


I.— PERCUSSION. 

Q  How  is  heat  produced  mechanical 
ACTION  ? 

A.    1. — By  Percussion.  2. — By  Frio- 
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tion.  3. — By  Condensation.  And  4. — 
By  Electricity. 

Electricity  ouly  produces  heat,  -when  it  meets  ^rith  a  bad  con- 
ductor.  Fiiction  may  have  something  to  do  with  this, 

Q.     What  is  meant  hy  peectjssion  ? 

A.  The  act  of  striking ;  as  when  a 
blacksmith  strikes  a  piece  of  ii^on  on  his 
anvil  with  his  hammer. 

Q.    Why  will  STEIKING  lEON  make  it  eed- 

HOT? 

A.  Because  it  condenses  the  particles 
of  the  metal :  and  makes  the  latent  heat 
sensible. 

As  a  general  rule,  sensible  heat  is  evolved  by  condensation,  and 
absorbed  by  expansion. 

Q.     Does  COLD  iron  contain  heat  ? 
A.    Yes  :  every  thing  contains  heat ; 
but,  when  a  thing  feels  cold,  its  heat  is 

LATENT. 

Q.     What  is  meant  hy  lateis  t  heat  ? 

A.  Heat  not  percej)tihle  to  our  feelings. 
When  anything  contains  heat  without 
feeling  hotter  for  it,  that  heat  is  called 
"  latent  heat."    {Seep.  33.) 

Q.     Does  COLD  iron  contain  latent  heat  ? 

A.  Yes ;  and  when  a  blacksmith 
compresses  it  by  his  hammer,  he  brings 
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out  latent  heat ;  and  this  makes  the  iron 
red-hot. 

Q.     JToio  used  hlaclcsmiths  to  LiaHT  tlieir 
MATCHES,  hefore  the  general  use  oflucifers? 

■  A.    They  used  to  place  a  soft  iron 
nail  upon  their  anvil:  strike  it  a  few  ; 
times  with  a  hammer :   and  the  point 
became  sufficiently  hot  to  light  a  brimstone 
match. 

Q.     Sow  can  a  nail  (beaten  hy  a  hammer) 
IGNITE  a  hrimstone  match  ? 

A.  The  metal  of  the  nail  being  com- 
pressed by  the  hammer,  can  no  longer 
contain  so  much  heat  in  a  latent  state,  as 
it  did  hefore;  some  of  it,  therefore,  be- 
comes sensible,  and  increases  the  temper- 
ature of  the  iron. 

Q.     Why  does  STEiKiisra  a  flint  against  a 
piece  of  steel,  produce  a  spaek  ? 

A.    Because  it  compresses  those  parts 
of  the  flint  and  steel,  which  strike  to- 
gether:  In  consequence  of  which,  some  i 
of  their  latent  heat  is  distm-bed,  and  \ 
exhibits  itself  in  a  spark.  i 

Q.     Sow  does  this  development  of  heat 
produce  a  spabk,  aiid  set  tindee  on  fire  ? 

A.    A  very  small  fragment  (either  of 
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the  steel  or  flint)  is  hnochecl  of  red-hot, 
and  sets  fire  to  the  tinder  on  which  it  falls.. 

Q.  Wh/  is  it  needful  to  keep  blowing  thf: 
TINDEE  with  the  hreath  ? 

A.  In  order  that  the  increased  supply 
of  air  may  furnish  the  tinder  with  more 
oxygen  to  assist  combustion. 

Q.  Where  does  the  OXTGEN  of  the  air  come 
FEOM,  which  is  hloion  to  the  lighted  tinder  ? 

A.  From  the  air  itself,  which  is 
chiefly  composed  of  two  gases  {nitrogen 
and  oxygen)  mixed  together. 

Fire  gallons  of  common  air  contain  nearly  4  of  nitrogen,  and  1  of 
oxygen  mixed  together,  but  not  chemically  combined. 

Q.  What  is  the  use  ©/"oxtgen  gas  to  lighted 
tinder  ? 

A.  It  siopports  the  comhustion  of  the 
tinder.  Blowing  lighted  tinder  carries 
oxygen  to  it  and  quickens  it,  in  the  same 
way  as  a  pair  of  bellows  quickens  a  dull 
fire. 

Q.  W7ig  do  HORSES  sometimes  strike  fiee 
with  their  teet  ? 

A.  Because  their  iron  shoes  strike 
against  the  flint-stones  of  the  road ;  and 
very  smcdl  fragments  are  hioched  off  red- 
hot,  and  look  like  sparks. 

K  3 


102  MECHANICAL  ACTION. 


Q.     TFliat  makes  these  fragments  EED-noT  ? 

A.  The  percussion  condenses  the  part 
struck  :  In  consequence  of  which,  some 
of  its  latent  heat  is  rendered  sensible,  and 
exhibits  itself  in  these  red-hot  fragments. 


CHAPTER  VIII. 


2.-FRICTI0N. 

Q.     Wliat  is  meant  by  peiction  ? 

A.  The  act  of  rubbing  two  things  , 
together ;  as  the  Indians  rub  two  pieces  ^ 
of  wood  together  to  produce  fire. 

Q.     How  do  the  I?idians  produce  fiee,  bi/ 
merely  rubbing  two  pieces  of  dry  wood  ? 

A.    They  talvo  a  piece  of  dry  wood, 
sharpened  to  a  point,  which  they  rub 
quickly  up  and  down  a  flat  piece,  till  a  i 
groove  is  made ;  and  the  dust  (collected 
in  this  groove)  catches  fire. 

Q.      Whg  does  the  dust  of  the  wood  CATCH 

FIEE  by  EUBBING? 

A.    Because  latent  heat  is  developed 
from  the  wood  bij  friction. 

'I'lie  best  woods  for  this  purpose  are  boxwood  against  mulberry, 
or  laurel  against  poplar  or  icy. 


HEAT  FROM  FEICTION.  103 


Q.     Do  not  CAEEIAGE  WHEELS  sometimes 

CATCH  FIEE  ? 

A.  Yes  :  when  the  wheels  axe  dry, — 
or  jit  too  tightly, — or  revolve  very  rapidly. 

Q.      Why  do  wheels  catch  fire  in  such  cases  ? 

A.  Because  the  friction  of  the  wheels 
against  the  axle-tree  disturbs  their  latent 
heat,  and  produces  ignition. 

Q.     What  is  the  use  of  gee  asing  cart  loheels  ? 

A.  Grease  lessens  the  friction ;  and 
the  latent  heat  of  the  wheels  is  less  dis- 
turbed, in  consequence  of  this  diminished 
friction. 

Q.  Wilt/  does  EUBBiNG  our  hakds  and 
EACES  make  them  feel  warm  ? 

A.  1st. — Because  friction  excites  the 
latent  heat  of  our  hands  and  faces,  and 
makes  it  sensible  to  our  feeling  :  and 
'  Sndly — The  blood  is  made  to  circulate 
more  quickly;  in  consequence  of  which, 
the  quantity  of  heat  (left  in  its  passage) 
is  increased. 

Q.  When  a  man  has  been  almost  deowited, 
why  is  suspended  animation  restored  by  eubbing  ? 

A.  1st — Because  iriction  excites  the 
latent  /jcai  of  the  half- inanimate  body :  and 
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Sndly — It  makes  the  hlood  circulate 
more  quickly,  which  increases  the  animal 
heat. 

Q.  Wilt/  do  two  pieces  of  ice  (ruhhed  toge- 
ther) MELT  ? 

A.  Ice  contains  140  degrees  of  latent 
heat,  and  (when  two  pieces  are  ruhhed 
together)  some  of  this  latent  heat  is  made 
sensihle,  and  melts  the  ice. 

Q.  How  are  forests  sometimes  set  on  fiee 
})y  friction  ? 

A.  The  branches  of  contiguous  tree? 
(blown  about  by  the  wind)  rub  violently 
against  each  other,  their  latent  heat  is 
developed  by  the  friction,  and  sets  fire  to 
the  forests. 

Q.  JV/n/  do  carpenter's  tools  (sucli  as  gim- 
lets, saws, files,  Sfc.)  become  hot  when  used? 

A.  Because  the  friction  of  the  tools 
against  the  wood  disturbs  latent  heat,  and 
makes  it  sensihle. 

Q.     Give  an  illitsteation  of  this. 

A.  When  cannon  is  bored,  the  borers 
become  so  intensely  hot  from  friction,  that 
tiiey  would  bhster  the  hands,  if  touched. 
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Q.  WTiy  do  these  boeees  become  so  in- 
tensely HOT  ? 

A.  Because  the  friction  of  the  borers 
against  the  metal  is  so  great,  that  it  sets 
free  a  large  quantity  of  latent  heat. 


3._C0NDENSATI0N  or 
COMPRESSION. 

N.B.  The  reduction  of  matter  into  a  smaller  compass  by  any 
external  or  mechanical  force,  is  called  compression. 

The  reduction  of  matter  into  a  smaller  compass  by  some  internal 
action  {as  by  the  escape  of  caloric)  is  called  coNDExsArion. 

Q.      What  is  meant  hi/  compression  ? 

A.  The  act  of  bringing  iiarts  nearer 
together ;  as  a  sponge  is  compressed  by 
being  squeezed  in  the  hand. 

Q.  Can  HEAT  he  evolved  from  common  air 
merely  hy  compbession  ? 

A.  Yes ;  if  a  piece  of  German  tinder 
be  placed  at  the  bottom  of  a  glass  tube, 
and  the  air  in  the  tube  compressed  by  a 
piston,  the  tinder  will  catch  fire. 

In  a  common  syi-mge  or  squirt,  the  handle  part  (which  contaiiM 
the  Slicker,  and  is  forced  up  and  down)  is  called  "  the  pision." 
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Q,     Why  will  the  tinder  catch  Jire  ? 

A.  Because  the  air  is  compressed; 
and  its  latent  heat  being  squeezed  out, 
sets  fire  to  the  tinder  at  the  bottom  of 
the  tube. 

Q.  TFhy  tcill  small  quantities  of  sulphur 
and  chlorate  of  potash  detoisate  when  rubbed 
together  in  a  mortar  ? 

A.  Because  the  particles  of  the  two 
substances  are  compressed  so  closely 
together,  that  their  several  chemical 
affiAiities  are  brought  into  action. 

To  "  detonate"  is  to  explode  or  burn  -with,  a  sudden  report. 

Q.  WTiT/  do  DETONATING  Salt  and  foioder 
EXPLODE,  on  being  rubbed  or  struck  ? 

A.  Because  the  mechanical  action 
of  rubbing  or  striking,  produces  sufficient 
heat  to  ignite  the  explosive  materials  of 
which  they  are  composed. 

Q.  Why  are  shot  and  cannok  balls 
HEATED  by  being  discharged  from  a  gun  ? 

A.  Because  they  are  compressed, 
and  rubbed  against  the  sides  of  the  gun 
by  the  explosion  of  the  powder. 
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EFFECTS  OF  HEAT. 


L— EXPANSION. 

Q.     Wliat  arethe  principal  effects  of  heat  ? 

A.  1. — Expansion.  2. — Liquefac- 
tion. 3. — Vaporization,  and  4. — Ig- 
nition. 

Q.      Show  that  HEAT  EXPANDS  AIB. 

A.  If  a  bladder  (paitialiy  tilled  with 
air)  be  tied  up  at  the  neck,  and  laid 
he/ore  a  fire,  the  aii'  will  expand  till  the 
bladder  hursts. 

Q.  Whi/  will  the  AIE  SWELL,  if  the  bladder 
he  laid  before  afire  ? 

A.    Because  the  heat  of  the  fire  will 

drive  the  particles  of  air  apart  from  each 

other,  and  cause  them  to  occupy  more 

room  than  they  did  before. 

Q.  JVliy  do  unslit  chestnuts  ceack  with  a 
hud  noise,  lohen  boasted  ? 

A.  Because  they  contain  a  great  deal 
of  air,  which  is  expanded  by  the  heat  of 
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the  fire :  and  (not  being  able  to  escape) 
hursts  violently  through  the  thick  rind, 
slitting  it,  and  making  a  great  noise. 

Q.  What  occasions  the  loud  ceack  or  report 
which  we  hear  ? 

A.  1st — The  sudden  hirsfing  of  the 
rind  makes  a  report;  in  ihe  same  way 
as  a  piece  of  luood  or  glass  would  do,  if 
snapped  in  tivo ;  and 

Sndly — The  escape  of  hot  air  from  the 
chestnut  makes  a  report  also ;  in  the  same 
way  as  the  escape  of  the  gases  formed  by 
the  explosion  of  gunpowder  does. 

Q.  Wliy  does  the  sudden  hursting  of  the  rind, 
or  snapping  of  a  piece  ofioood,  make  a  eepoet? 

A.  Because  a  violent  jerk  is  given  to 
the  air,  when  the  attraction  of  cohesion 
is  thus  suddenly  overcome :  This  jerk 
produces  rapid  undidations  in  the  air, 
which  (striking  upon  the  ear)  cause  the 
sensation  of  sound. 

Q.  Why  does  the  escape  of  air  from  the 
chestnut,  or  the  explosion  of  gunpowder,  produce 

a  EEPOET  ? 

A.  Because  the  sudden  expansion  of 
the  imprisoned  air,  produces  a  partial 
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vacuum :  The  report  is  caused  by  the 
rushing  of  fresh  air  to  fill  up  this  vacuum. 

See  Thunder,  p.  8. 

Q.  If  a  CHESTNUT  be  slit,  it  will  not 
crack  ;  ivhy  is  this  ? 

A.    Because  the  heated,  air  of  the 

chestnut  can  then  freelij  escape  through 

the  slit  in  the  rind. 

Q.  W7i7/  does  an  apple  s^lit  and  spurt 
about,  when  roasted? 

A.  In  some  measure  from  the  expan- 
sion of  air  hy  heat ;  but  more  especially 
because  its  juice  is  converted  into  steam. 

Q.  Sow  is  the  JUICE  of  an  apple  confined 
in  the  fruit  f 

A.  By  being  placed  in  numerous 
little  cells  (like  those  of  an  honey- comb) : 
When  the  juice  is  converted  into  steam, 
it  bursts  through  these  cells  ;  and  forces 
those  parts  which  oppose  it  through  the 
peel. 

Q.  When  an  apple  is  iioastin&,  why  is  one 
part  made  soft,  while  the  rest  remains  hard  ? 

A.  Because  the  vegetable  matter  of 
the  part  nearest  the  fire  is  cooked  by  the 
steam  of  the  hot  juices  :  and  where 
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the  heated  air  and  steam  break  througli 
and  escape,  the  apple  collapses  and  be- 
comes soft. 

Q.    Whatismeant  hythe  "  apple  collapsing?" 

A.  It  means  that  the  'plumpness  gives 
way,  and  the  apple  hccomes  flabby  and 
shrivelled. 

Q.  Why  do  SPAUKS  of  fire  start  {loith  a  cracTz- 
ling  noise)  from  pieces  of  yfoon  laid  upon  a  tiee  ? 

A.  Because  the  air  (expanded  by- 
heat)  forces  its  iray  through  the  pores  of 
the  wood;  and  carries  along  with  it  the 
covering  of  the  pore,  which  resisted  its 
passage. 

The  conversion  of  the  woody  fibre  of  the  interior  parts  into  com- 
bustible gases,  contributes  to  this  effect. 

Q.    Whatisinea7ithi/ the  "foti^s  of  the  ^OOD?'* 
A.  ■  Very  small  holes  in  the  wood, 
through  which  the  sap  circulates. 

Q.  What  are  the  spaeks  of  fire,  which 
hurst  from  the  wood  ? 

A.  Very  small  pieces  of  wood  made 
red-hot,  and  separated  from  the  log  by 
the  force  of  the  air,  when  it  bursts  from 
its  confinement. 

Q.  Whr/  does  deal  mahe  more  snapping 
than  any  otJier  wood? 
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A.  Because  the  pores  of  deal  are 
very  large,  and  contain  more  air  than 
those  of  wood  having  a  closer  gram. 

Q.  Whi/  does  GEEEN  wood  make  less  snap- 
ping than  dry  ? 

A.    Because  the  pores  contain 

atV,  being  filled  with  sap. 

Q,  Why  does  dry  wood  make  more  snap- 
ping than  green  ? 

A.    Because  the  sap  is  dried,  up,  and 

the  pores  ai'e  filled  with  air  instead. 

Q.  Why  does  dry  wood  burn  more  easily 
than  green  or  wet  wood? 

A.    Because  the  pores  of  green  or 
wet  wood  are  filled  with  moisture,  which 
i  extinguishes  llame ;  whereas  the  pores 
of  dry  wood  are  filled  with  air,  which 
supports  combustion. 

Q.     Why  does  moisture  extinguish  Jlame  ? 

A.  1st — Because  it  prevents  the 
carbon  and  hydrogen  of  the  fuel  from 
uniting  with  the  oxygen  of  tlie  air,  to 
form  carbonic  acid  gas  and  water  :  and 

2ndly — Because  heat  is  perpetually 
I  carried  off,  by  the  formation  of  the  sap 
into  steam. 

L  2 
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Q.  Why  do  STONES  snap  and  fly  about,  when 
heated  in  the  fire  ? 

A.  Because  the  close  texture  of  the 
stone  prevents  the  hot  air  from  escapmg  ; 
in  consequence  of  which,  it  hursts  forth 
with  great  violence,  tearing  the  stone  to 
atoms,  and  forcing  fragments  into  the 
room. 

Probably  some  part  of  tliis  eflfect  is  due  to  the  setting-  free  of  the 
water  of  crystallization. 

Q.  When  bottled  ale  or  porter  is  set  before 
afl,re,  why  is  the  cork  forced  out  sometimes  ? 

A.  Because  the  carbonic  acid  of  the 
liquor  expands  by  the  heat,  and  drives 
out  the  cork. 

Carbonic  acid  gas  is  a  compound  of  carbon  and  oxygen.  All  fer- 
mented liquors  contain  more  or  less  of  carbonic  acid  gas ;  bottled 
ale  or  porter  a  large  quantity. 

Q.  Why  does  ale  or  porter  jtboth  more, 
after  it  has  been  set  before  a  fire  ? 

A.  Because  the  heat  of  the  fire  sets 
free  the  carbonic  acid ;  which  is  entangled 
as  it  rises  through  the  hquor,  and  pro- 
duces bubbles  or  froth. 

Q.     When  a  boy  makes  a  balloon,  and  sets 
fire  to  the  cotton  or  sponge  (which  has  been  steeped 
in  spirits  of  wine),  why  is  the  balloon  lurLATJiD  ? 
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A.  Because  the  air  of  the  balloon  is 
expanded  hy  the  flame,  till  every  part  is 
inflated  and  the  paper  made  smooth. 

Q.  Why  does  the  balloon  EISE,  afier  it  has 
ieen  inflated  by  the  expanded  air  ? 

A.  Because  the  same  quantity  of  air 
is  expanded  to  three  or  four  times  its 
original  volume;  and  made  so  much 
lighter,  that  even  when  all  the  paper, 
wire,  and  cotton  are  added,  it  is  still 
hghter  than  common  air. 

The  balloon  ascends  in  consequence  of  the  pressure  from  beneath 
of  the  heavier  cold  air  by  which  it  is  surrounded,  in  the  same  way 
08  the  hot  ail-  in  a  chimney. 

Q.  Why  does  a  smoke-jack  turn  round  in 
a  chimney  ? 

A.  Because  the  current  of  hot  air  up 
the  chimney  (striking  against  the  oblique 
vanes  of  the  smoke-jack)  drives  them 
round  :  as  wind  diives  round  the  sails  of 
a  mill. 

Q.  Which  EXPAKD  the  most  under  the  same 
DEQKEE  of  heat — gases,  liquids,  or  solids? 

A.  Gases :  all  of  which  expand  in 
the  same  ratio  from  heat. 

Q.  What  degree  of  expansion  in  gases  is 
caused  by  heat  ? 
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A.  481  degrees  of  lieat  will  make  a 
volume  of  gas  twice  as  lai^ge  as  it  was 
before. 

Q.  What  is  the  difference  between  a  vapoub 
and  a  gas  ? 

A.  A  VAPOUR  is  an  elastic  aeriform 
fluid,  which  may  readily  be  converted 
into  a  liquid  or  solid  merely  by  change  of 
temperature. 

A  GAS  is  an  elastic  aeriform  fluid, 
which  cannot  be  made  to  change  its 
state,  except  by  the  application  of 
artificial  pressure  and  intense  cold. 

Carbonic  acid  gas  has  even  been  converted  into  the  solid  form  by 
the  use  of  these  means. 
The  vapour  produced  by  the  boiling'  of  water  is  called  steam. 

Q.  What  would  gases  he  at  teet  low  tem- 
peratures ? 

A.  All  gases  would  probably  be 
liquid  at  extremely  low  temperatures  ;  but 
the  most  intense  cold  hitherto  artificially 
produced,  has  not  been  suSicient  to  re- 
duce some  of  the  gases  to  a  liquid  state. 

Gases  which  cannot  by  our  present  means  be  brought  into  the 
liquid  form,  are  called  "permanent,"  to  distinguish  them  from 
vapours. 

Q.  Why  are  some  things  solid,  others 
LIQUID,  and  others  gaseous  ? 
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A.  Because  the  pai-ticles  which  com- 
pose some  things  are  nearer  together 
than  they  are  in  others. — Those  in  which 
the  particles  are  closest  are  solid ;  those 
in  which  they  are  furthest  apart  ai'e 
gaseous ;  and  the  rest  liquid. 

Q.  Why  does  Jieat  change  a  solid  (like  ice) 
first  into  a  liquid,  and  then  into  a  gas  ? 

A.  Because  it  drives  the  component 
particles  further  asunder ;  hence  a  certain 
quantity  of  heat  changes  solid  ice  into  a 
liquid, — and  a  further  addition  of  heat 
changes  the  liquid  irtto  steam. 

Q,     Why  doer,  water  simmer  hefore  it  hoils  ? 

A.  Because  the  particles  of  water 
near  the  hottovi  of  the  kettle  (being  formed- 
into  steam  sooner  than  the  rest)  shoot 
upicards :  but  are  condensed  again  by 
the  colder  surface  of  the  water,  and  pro- 
duce what  is  called  "  simmerincc." 

Q.     What  is  meant  by  simmering  ? 

A.  A  gentle  tremor  or  wuhlation  on 
the  surface  of  hot  water.  When  water 
simmers,  the  bubbles  collapse  beneath  the 
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surface,  and  the  steam  is  condensed  to 
water  again;  but  when  water  hoils,  the 
bubbles  rise  through  the  surface,  aucl  the 
steam  is  throivn  of.  j 

Q.  Why  does  a  kettle  sing,  wJien  tlie 
water  siin7ners  ? 

A,  Because  the  entangled  ah'  escapes 
by  fits  and  starts  from  the  surface  of 
the  water;  producing  the  noise  called 
"  shjging." 

Q.  Wliy  does  not  a  Jcettle  siNO,  lohen  the 
water  boils  ? 

A.  Because  all  the  water  is  hoiling 
hot ;  so  the  steam  escapes  in  large  quan- 
tities from  the  entire  surface,  and  not  by 
fits  and  starts. 

Q.     When  does  a  Jcettle  sing  most  ? 

A.    When  it  is  set  on  a  hoh  to  boil. 

Q.  Why  does  a  hettle  siN&  more,  when  it 
is  set  on  the  side  of  a  fire,  than  when  it  is  set  in 
the  MIDST  of  a  fire  ? 

A.  Because  the  heat  is  applied  un- 
equally, and  one  side  being  made  hotter 
than  the  other,  the  water  takes  longer 
tune  to  boil. 
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Q.  Why  does  a  eettle  sing,  lolieii  the 
lolling  xoater  begins  to  cool  again? 

A.  Because  the  upper  surface  cools 
first;  and  the  steam  (which  rises  from 
the  lower  part  of  the  kettle)  is  arjain 
partially  condensed,  and  escapes  by  fits 
and  starts. 

Q.  Why  does  boiling  water  increase  in 
hulk  ? 

A.  Because  it  is  expanded  hij  the  heat : 
i.e. — The  heat  of  the  fire  drives  the 
particles  of  water /«r^/i<?r  apart  from  each 
otlier :  and  (as  they  are  not  padded  so 
closely  together)  they  take  up  more  room. 

Q.  What  is  meant  when  it  is  said,  "  that 
HEAT  drives  the  particles  of  water  further 
AFAUT  from  each  other  f^' 

A.  Water  is  composed  of  little  glo- 
bules, like  very  small  grains  of  sand : 
the  heat  drives  these  particles  apart  from 
each  other,  and  (as  they  then  require 
more  room)  the  water  increases  in  bulk. 

Q.     Why  does  boiling  water  bubble  ? 

A.  Because  the  heated  air  and  vapour 
(rising  through  the  water)  force  up  bub- 
bles in  their  effort  to  escape. 
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Q.    Wlnj  does  a  kettle  sometimes  boil  oveii  ? 

A.  Because  the  water  is  expanded  hij 
heat :  if,  therefore,  a  kettle  is  filled  with, 
cold  water,  some  of  it  must  run  over,  as 
soon  as  it  is  expanded  hy  heat, 

Q.  £ut  I  have  seen  a  Jcettle  boil  oveb., 
although  it  has  not  been  filled  full  of  water ; 
hoiv  do  yoit  account  for  this  ? 

A.  If  a  pre  be  fierce,  the  air  and 
vapour  are  expelled  so  rapidhj,  that  the 
bubbles  are  very  numerous;  and  since 
these  caiTy  portions  of  the  water  with 
them,  some  of  it  runs  over.^ 

Q  Whi/  is  a  pot  (which  tvas  full  to  oter- 
FLOWING,  ivhile  the  water  icas  hotline/  hot)  not 
FULL,  after  it  has  been  taken  off  the  fire  for  a 
short  time  ? 

A.  Because  (while  the  water  is  boil- 
ing)  it  is  expanded  by  the  heat,  and  fills 
the  pot  even  to  overflowing;  but,  when 
it  becomes  cool,  it  contracts  again,  and 
occupies  a  less  space. 

The  cooling  of  the  M'ater  prevents  any  further  escape  of  steam ; 
and  the  geueratiou  of  steam  is  one  cause  of  the  expansion  of  hot 
water. 

Q.  Why  does  the  water  of  a  kettle  some- 
times run  out  of  the  spout  wheji  it  boils  ? 

A.    Because  when  the  lid  fits  tightly, 
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the  steam  cannot  lift  it  up  and  escape ; 
being  confined,  therefore,  in  the  kettle, 
it  presses  on  the  water  and  forces  it  out 

of  the  spout. 

Q.  What  causes  the  uattling  noise,  often 
made  hy  the  lid  of  a  saucepan  or  loiler? 

A.    The  Steam  (seeking  to  escape) 

forces  up  the  lid  of  the  boiler,  and  the 

weight  of  the  hd  carries  it  back  again ; 

this  benig  done  frequentlij,  produces  a 

rattling  noise. 

Q.     If  the  steam  could  NOT  lift  up  the  lid 

of  the  boiler,  how  would  it  escape  ? 

A.  If  the  hd  fitted  so  tightly,  that 
the  steam  could  not  raise  it  up,  the 
boiler  would  hurst,  and  the  consequences 
might  be  serious. 

Q.  When  steam  pours  out  from  the  spout  of 
a  Tcettle,  the  stream  begins  apparently  ualf  an 
INCH  off  the  SPOUT ;  why  does  it  not  begin  close 
to  the  sjyout  ? 

A.  Steam  is  really  invisible  ;  and  the 
half-inch  (between  the  spout  and  the 
"  stream  of  mist")  is  the  real  steam,  before 
it  has  been  condensed  by  the  air. 

Q      Why  is  not  all  the  steam  INVISIBLE, 
as'  well  as  that  half-inch  ? 
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A.    B  ecause  the  invisible  particles  are 

condensed  by  the  cold  air ;  and,  rolling 

one  into  another,  look  like  mist. 

Q.  What  BECOMES  of  the  steam,  for  it 
soon  vanishes  ? 

A,  After  it  has  been  condensed  into 
mist,  it  is  dissolved  hij  the  air  and  dis- 
persed abroad  as  invisible  vapour. 

Q.  And  what  becomes  of  the  invisible 
vapour  ? 

A.  Being  lighter  than  air,  it  ascends 
to  the  upper  regions  of  the  atmosphere, 
where  (being  again  condensed)  it  contri- 
butes to  form  clouds. 

Every  portion  of  the  atmosphere  contains  more  or  less  invisible 
vapour,  var  jTng  from  day  to  day  with  the  state  of  the  -weather. 

Q.  Why  does  a  metal  spoon  {left  in  a 
saucepan')  retabd  the  process  of  boiling  ? 

A.  Because  the  metal  spoon  (being 
an  excellent  conductor)  carries  off  the  heat 
from  the  water ;  and  (as  heat  is  carried 
off  by  the  spoon)  the  water  takes  a 
longer  time  to  boil. 

Q.  Why  will  a  pot  (filled  loith  loater)  never 
BOIL,  lohen  immersed  in  another  vessel  full  of 
water  also  ? 

A.    Because  water  contained  in  an 
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Open  vessel  can  never  be  heated  above 

the  boiling  point;  all  the  heat  absorbed 

by  water  after  it  boils,  is  employed  in 

generating  steam.  ,j 

Q,  How  does  the  conversion  of  water  into 
steam,  prevent  the  inneb  pot  from  hoiling  / 

A.  Directly  the  water  in  the  larger 
pot  is  boiling  hot  (or  212°,)  steam  is  formed 
uud  carries  off  some  of  its  heat ;  therefore, 
212  degs.  of  heat  can  never  pass  through 
it,  to  raise  the  inner  vessel  to  boiling  heat^ 

Q.       Why  do  SUGAE,  SALT,  ^C,  EETAED  the 

process  of  hoiling  ? 

A.    Because  they  increase  the  density 

of  water;   and  whatever  increases  the 

density  of  a  fluid  retards  its  boiling. 

Q.  If  you  want  water  to  boil  without  coming 
in  contact  with  a  saucepan,  what  plan  must  be 
adopted  ? 

A.  We  must  immerse  the  pot  (con- 
taining the  water  to  be  boiled)  in  a  sauce- 
pan containing  strong  brine  or  sugar. 

Q.  Why  would  the  injjee  vessel  boil  if  tlie 
OUTEE  vessel  contained  strong  buixe  ? 

A.  Because  brine  will  not  boil,  till  it 
is  raised  to  218  or  220  dcg^  Thov^fore, 
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912  degs.  of  heat  may  easily  pass  through 
it,  to  raise  the  vessel  immersed  in  it  to 
boiling  heat. 

Q.  Whi/  will  hrine  impart  to  another  vessel 
MOEE  than  212°,  and  water  not  so  much  ? 

A.  Because  no  liquid  can  impart  so 
high  a  degi'ee  of  heat,  as  its  own  hailing 
temperature:  As  water  boils  at  212°,  it 
cannot  impart  212°  of  heat:  but,  as  brine 
will  not  boil  without  218°  of  heat,  it  can 
impart  enough  to  make  water  boil. 

Q.  Why  can  liquids  impart  no  extea  heat, 
after  they  hoil? 

A.  Because  all  extra  heat  is  spent  in 
making  steam.  Hence  water  will  not  boil 
a  vessel  of  ivater  immersed  in  it,  because 
it  cannot  impart  to  it  212  degs.  of  heat; 
but  hrine  will,  because  it  can  impart  more 
than  212  degs.  of  heat,  before  it  is  itself 
converted  into  steam. 


Ether  boils  at  about  .     96  degs. 
Alcohol       .      .      .   176  „ 
Water        .      .      .212  „ 
Water,  with  one-iifth 
salt  .      .      .      .   219  ,, 


Syrup  boils  at  .  .  221  degs 

Oil  of  turpentine  .  316  „ 

Sulphuric  acid  .  .  472  „ 

Linseed  oil       .  .  640  „ 

Mercury    .      .  .  662  „ 

Any  liquid  which  boils  at  n  lower  dej^ree  can  be  made  to  boil,  if 
immersed  in  a  liquid  which  boils  at  a  higher  degree.  Thus  a  cup 
of  ether  can  be  made  to  boil  in  a  saucepan  of  irnter.  A  cup  of 
water,  in  a  saucepan  of  hrine  or  syrup.  But  a  cup  of  water  will 
not  boil,  if  immersed  in  ether;  nor  a  ctip  of  symp,  in  water. 


CUP  IN  A  PIE. 


123 


Q.     WT)y  are  clouds  highee  on  a  fine  day  ? 

A.  Because  they  ai^e  lighter,  and 
more  buoyant. 

Q.     Will/  are  clouds  lightee  on  a  fine  day  ? 

A.  1st — Because  the  vapour  of  the 
clouds  is  less  condensed;  and 

2ndly — The  air  itself  (on  a  fine  day)  re- 

tainsmore  of  its  vapourin  aninvisible  form. 

Q.  WJiy  is  a  cup  put  inyeeted  into  a  fruit 
pie  ? 

A.    Its  principal  use  is  to  hold  the 

crust  up  and  prevent  it  from  sinking,  when 

the  cooked  fruit  gives  way  under  it. 

Q.  Does  not  the  ctip  peeyent  the  fndt  of 
the  pie  from  boiling  ovee  ? 

A.  No ;  it  will  rather  tend  to  nmlce 
it  boil  over,  as  there  will  be  less  room 
in  the  dish. 

Q.     Explain  this. 

A.  When  a  pie  is  put  into  an  oven, 
the  air  in  the  cup  will  begin  to  expand,  and 
drive  every  particle  of  juice  from  under 
it;  in  consequence  of  which,  the  pie-dish 
will  have  a  cup-full  less  room  to  hold  its 
fruit  in,  than  if  the  cup  were  talien  out. 

Some  of  the  heated  air  is  driven  I'rom  the  cup,  and  escapes  In 
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bubbles  through  the  juice,  and  out  of  the  pie  altogether.  The  place 
of  this  is  occupied  by  juice  when  the  pie  cools. 

Q.  If  the  juice  is  driven  OVT  of  the  cup ; 
why  is  the  cup  alwai/s  full  of  juice,  when  the 
pie  is  cut  up  ? 

A.  Because  immediately  the  pie  is 
"  dmion"  the  air  in  the  cup  begins  to 
contract  again,  and  occupy  a  smaller  space  : 
and  as  the  cup  is  no  longer  full  of  air, 
juice  rushes  in  to  occupy  the  void. 

Q.  Will/  does  juice  rush  into  the  cup,  when 
the  cup  is  NOT  full  of  air  ? 

A.    Because  the  external  air  presses 

upon  the  surface  of  the  juice,  which  rushes 

unobstructed  into  the  cup :  as  mercury 

rises  through  the  tube  of  a  barometer. 

N.B.— Since  the  juice  of  the  pic  runs  into  the  cup,  as  soon  as  it  is 
token  out  of  the  oven,  the  cup  presents  the  juice  from  being  spilt 
over  the  crust,  when  the  pie  is  carried  about  from  place  to  pkice, 
although  it  does  not  prevent  the  fruit  from  boiling  over. 


CHAPTER  X. 

EXPANSION  FROM  HEAT. 
(Continued.) 

Q.  Does  heat  expand  every  thing  else, 
besides  air  and  water  s 
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A.  Yes :  every  thing  (that  man  is 
acquainted  with)  is  expanded  by  heat. 

Q.  Wh^  does  a  coopeb  heat  Jiis  hoops 
BED-HOT,  when  he  puts  them  on  a  tub  ? 

A.  1st — As  iron  expands  hy  heat,  the 
hoops  will  be  larger  when  they  are  red- 
hot  :  in  consequence  of  which,  they  will 
fit  on  the  tub  more  easily :  and 

2ndly — As  iron  contracts  hy  cold,  the 
hoops  will  shrinh  as  they  cool  down,  and 
girt  the  tub  with  a  tighter  grasp. 

Q.  Whj/  does  a  wheelwright  make  the 
iron  hoop  or  "tire'^  eed-hot,  which  he  fixes  on  a 

WHEEL  ? 

A.  1st — That  it  may  fit  on  more 
easily;  and 

2ndly — That  it  may  girt  the  wheel 
more  tightly. 

Q.  Whi/  tvill  a  wheelwright's  hoop  tit  the 
wheel  MOEB  EASiLT,ybr  bei7iff  made  eed-hot  ? 

A.  Because  it  will  be  expanded  by 
the  heat ;  and  (being  larger)  will  go  on 
the  wheel  more  easily. 

Q.  Will/  will  the  hoops,  which  have  heen 
put  on  HOT,  QiET  the  wheel  more  eiemlt  ? 
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A.  Because  they  will  shrinh  as  they 
cool ;  and,  therefore,  girt  the  wheel  with  a 
tighter  grasp. 

Q.  W7iy  does  a  stote  maJce  a  ceackling 
NOISE,  when  afire  is  very  liot  ? 

A.  Because  it  expands  from  the  heat; 
and  the  parts  of  the  stove  ruhhing 
against  each  other,  or  driving  against 
the  bricks,  produce  a  cracUing  noise. 

Q.  JV?iy  does  a  stove  make  a  similar  craok- 
LIKG  NOISE,  lohen  a  large  fire  is  taken  down  ? 

A.  Because  it  contracts  again,  when 
the  fire  is  removed  ;  in  consequence  of 
which,  the  parts  rub  against  each  other 
again,  and  their  connection  with  the 
bricks  is  again  disturbed. 

Q.  Why  does  the  plastee  round  a  stove 
CEACE  and  fall  away  ? 

A.  Because  (when  the  fire  is  lighted) 
the  iron-work  expands  more  than  the 
brick-work  and  plaster,  and  pushes  them 
away ;  but  (when  the  fire  is  put  out)  the 
metal  shrinks  again,  and  leaves  the 
"  setting"  behind. 

The  "  setting"  is  a  technical  ■word  for  the  plaster,  &c.,  in  imme- 
diate contact  'vrith  the  store. 
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Q.     WTiy  does  tTie  plaster  fall  aw  at  ? 

A.  As  a  chiiik  is  left  (between  the 
"  setting"  and  the  stove),  the  plaster 
will  frequently  fall  away  from  its  own 
weight. 

Q.     What  OTHER  cause  contributes  to  being 

the  PLASTER  DOWN  ? 

A.  As  the  heat  of  the  fire  varies,  the 
$ize  of  the  iron  stove  varies  also ;  and  this 
expanding  and  contracting  keep  up  such 
a  constant  disturbance  about  the  plaster, 
that  it  cracks  and  falls  off. 

Q.  Will/  does  the  meecukt  of  a  theemome- 
TEE  EISE  in  hot  weather  ? 

A.  Because  heat  expands  the  metal, 
which  (being  increased  in  bulk)  occupies 
a  larger  space ;  and,  consequently,  rises 
higher  in  the  tube. 

Q.  Why  is  a  glass  broken,  when  hot 
WATER  is  poured  into  it  ? 

A.  Because  the  inside  of  the  glass 
is  suddenly  more  expanded  by  the  hot 
water  than  the  outside ;  and  in  conse- 
quence of  this  unequal  expansion  the 
glass  snaps. 
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Q.  Why  is  not  tJte  outside  of  the  glass 
expanded  hy  hot  water,  as  much  as  the  inside  ? 

A.  Because  glass  is  a  bad  conductor 
of  heat,  and  breaks  before  the  heat  of  the 
inner  surface  is  conducted  to  the  outside. 

Q.  Why  does  a  glass  snap ,  because  the  inne  e 
surface  is  hotter  than  the  outer  ? 

A.  Because  the  inner  surface  is 
expanded,  and  not  the  outer:  in  conse- 
quence of  which,  an  opposing  force  is 
created  which  breaks  the  glass. 

Q.  Why  is  a  china  cup  hroTcen,  if  hot 
water  le  poured  over  it,  or  into  it  ? 

A.  Because  china  is  a  bad  conductor  ; 
and  (as  the  inner  surface  expands  from 
the  heat  more  than  the  outer,)  an  opposing 
force  is  created,  which  breaks  the  cup. 

Q.  If  a  glass  healcer  he  set  on  a  warm  hob, 
why  does  the  bottom  come  oee  '? 

A.  Because  glass  is  a  bad  conductor; 
and  (as  the  bottom  of  the  glass  expands 
from  the  warmth  of  the  hot  stove,  before 
the  sides  are  heated)  the  two  parts  separate 
from  each  other. 
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CHAPTER  XL 


2.  — LIQUEFACTION. 

3.  — VAPORIZATION. 

Q.     What  is  meant  ly  liquefaction  ? 

A,  The  conversion  of  a  solid  into  a 
liquid  by  the  agency  of  heat:  as  soHd 
ice  is  converted  into  water  by  the  heat 
of  the  sun. 

Q.  Why  is  ice  melted  hj  the  heat  of  the 
BUN  ? 

A.    Because  the  heat  of  the  sun  forces 
its  particles  asunder ;  till  their  attraction 
I  of  cohesion  is  sufficiently  overcome,  to 
I  convert  the  solid  ice  into  a  liquid. 

\  See  p.  115. 

Q     Why  are  metals  melted  by  the  heat 

I of  riEB  ? 
A.    Because  the  heat  of  the  fire  forces 
their  particles  asunder ;  till  their  attrac- 
tion of  cohesion  is  sufficiently  overcome, 
to  convert  the  solid  metal  into  a  liquid. 

Q.  Why  is  watee  converted  into  steam  by 
the  heat  of  the  fiee  ? 

A.    Because  the  heat  of  the  fire 
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separates  its  globules  into  very  minute 
bubbles  ;  which  (being  hghter  than  air)  fiy 
off  from  the  surface  in  the  form  of  steajn. 

Q.     TV/iy  does  not  wood  melt  like  metal? 

A.  Because  the  heat  of  the  fire 
decomposes  the  wood  into  gas,  smohe,  and 
ashes;  and  the  different  parts  separate 
from  each  other. 

Q.     What  is  meant  hi/  VAPOEiZATloif  ? 

A.  The  conversion  of  a  solid  or  liquid 
into  vapour :  as  snow  or  water  is  con- 
verted into  vapour  by  the  heat  of  the  sun. 

Q.     What  are  clouds  ? 

A.  Moisture  evaporated  from  the  earth, 
and  again  partially  condensed  in  the  upper 
regions  of  the  air. 

Q.  What  is  the  difference  between  a  roo 
and  a  cloud  ? 

A.  Clouds  and  fogs  differ  only  in  one 
respect.  Clouds  are  elevated  above  our 
heads  :  but  fogs  come  in  contact  ivith  the 
surface  of  the  earth. 

Q.  Why  do  clouds  float  so  readily  in  the 
air  ? 

A.    Because  they  ai'e  composed  of 
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twy  minute  globules  (called  ves'cicles) ; 
which  (being  lighter  than  air)  float,  hke 
soap  bubbles. 

Q.  Whi/  does  TAPOtm  sometimes  form  into 
CLOUDS,  and  sometimes  rest  upon  tlie  earth  as 
MiST  or  roG  ? 

A.  This  depends  on  the  temperature  of 
the  air.  When  the  surface  of  the  earth  is 
warmer  than  the  lower  air,  the  vapour  of 
the  earth  (being  condensed  by  the  chill 
air)  becomes  mist  or  fog.  But,  when  the 
lower  air  is  2varmer  than  the  earth,  the 
vapour  rises  through  the  air,  and  becomes 
cloud. 

Q.     Are  ALL  clouds  alike  ? 
A.    No.   They  vary  greatly  in  density, 
height,  and  colour. 

Q.    What  is  the  CHIEF  cause  of  fog  and  clouds  i 

A.   The  changes  of  the  wind. 

Many  local  cii-cumstances  also  favour  tte  formation  of  clouds. 

Q.     How  can  the  changes  of  the  wiifD 
affect  the  clouds  ? 

A.  If  a  cold  current  of  loind  blows 
suddenly  over  any  region,  it  condenses  the 
invisible  vapour  of  the  air  into  cloud  or 
rain:   but  if  a  warm  current  of  wind 
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jj:  blows  over  any  region,  it  disperses  the 

j  j,  i  clouds,  by  ahsorhing  the  vapour. 

Q.     What  countries  are  the  most  cloudy  ? 

A.  Those  where  the  winds  are  most 
variable,  as  Britain. 

Q.     What  countries  are  the  least  cloudy  ? 
A.    Those  where  the  winds  are  least 
variable,  as  Egypt. 

Q.     What  DISTANCE  are  the  clouds  from 

the  EABTH  ? 

A.  Some  thin,  light  clouds  are  elevated 
above  the  highest  mountain  top ;  some 
heavy  ones  touch  the  steeples,  trees,  and 
even  the  earth :  but  the  average  height 
is  between  one  and  two  miles. 

N.B. — Streaky  curling  clouds  like  hair,  are  often  5  or  6  miles  high. 

Q.     What  clouds  are  the  lowest  ? 

A.  Those  which  are  most  liighhj  elec- 
trified :  lightning  clouds  are  rarely  more 
than  about  700  yards  above  the  ground ; 
'  and  often  actually  touch  the  earth  with 

one  of  their  edges. 

Q.     What  is  the  SIZE  of  the  clouds? 

A.  Some  clouds  are  20  square  miUs 
in  surface^  and  above  a  mile  in  thickness ; 
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rt  hile  others  are  only  a  few  yards  or 
inches. 

Q,  H^ow  can  persons  ascertain  the  thick- 
>'ESS  of  a  cloud  ? 

A.  As  the  to'^s  of  high  mountains  are 
generally  above  the  clouds,  travellers  may 
]iass  quite  through  them  into  a  clear  blue 
lirmament ;  when  the  clouds  will  be  seen 
beneath  their  feet. 

)  Q.  JVhaf  produces  the  ffreat  YAUL'ETY  in  ihe 
i  SHAPE  oj"  the  clouds  ? 

\    A.    Three  things :  1st — The  cause 
and  manner  of  their  formation : 

Sndly — Their  electrieal  condition  :  and 
3rdly — Their  relations  to  currents  of 
'rind. 

Q.  IToio  can  electricity  aj/ect  the  shape 
cf  clouds  ? 

A.    If  one  cloud  be  fidl  of  electricity 

and  another  not,  they  will  be  attracted 

tto  each  other,  and  either  coalesce, — 

♦diminish  in  size, — or  vanish  altogether 

Q.  "What  clouds  assume  the  most  eantastio 
tshapes  ? 

A.    Those  that  are  the  most  hifhly 

rlecirified. 
■ 
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Q.     JVJiat  effect  Tiave  winds  on  tlie  shape 
of  clouds  ? 

A.  They  sometimes  ahsorh  them  en- 
tirely  :  sometimes  increase  their  volume 
and  density;  and  sometimes  change  the 
'position  of  their  parts. 

Q.    Soio  can  winds  absoeb  clouds  altogether  ? 

A.    Waim  dry  winds  will  convert  the  j 
substance  of  clouds  into  invisible  vapour,  \ 
which  they  will  carry  away  in  their  own 
current. 

Q.  S^ow  can  winds  inceease  the  hulk  and  | 
density  of  clouds  ? 

A.  Gold  currents  of  wind  will  con- 
dense the  invisible  vapour  of  the  air,  and 
€Ldd  it  to  the  clouds  with  which  they  come  ; 

in  contact.  i 
Q.     How  can  winds  change  the  shape  of ' 

clouds,  hy  altering  the  position  of  their  parts  ? 
A.    Clouds  are  so  voluble  and  light, 

that  every  breath  of  wind  changes  the 

position  of  their  ves'cicles  or  bubbles. 

Q.     What  are  the  general  coloues  of  the 
clouds  ? 

A.  White  and  gi'ey,  when  the  sun  is 
above  the  horizon :  but  red,  orange,  and 
yellow,  at  sun-rise  and  sun- set.  . 

The  blue  sky  is  not  clottd  at  all 
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Q,  Wliy  are  the  last  clouds  of  evening 
generally  of  a  bed  tinge  ? 

I  A.  Because  the  red  rays,  being  less 
refrangible  than  the  ijdlow  or  blue  rays, 
remain  longest  in  sight,  as  the  surface 
of  the  earth  turns  away  from  the  sun. 


Every  beam  of  light  is  composed  of  three  coloured  rays,  bine, 
yellow,  and  red.  As  the  beam  passes  through  the  atmosphere  A, 
these  are  separated  from  each  other ;  the  blue  being  drawn  most 
down,  the  yellow  next,  and  the  red  least.  As  the  earth  with  its 
clouds  and  atmosphere  turn  roiuid  the  pole  P,  in  the  direction 
A  C  D,  any  given  cloud  would  pass  first  under  the  blue  rays  at 
B,  then  the  yellow  rays  at  Y,  and  then  the  red  rays  at  R ;  and  be 
tinged  by  their  respective  colours.  An  observer  placed  at  E,  just 
as  he  was  turnuig  into  darkness  towards  C,  would  see  the  clouds 
tinged  red  at  K,  resting  upon  the  western  horizon. 

Q.  Why  aire  the  eaelt  morning  clouds  gene- 
rally BED  ? 

A.  Because  the  red  rays,  being  less 
refrangible  than  the  yelloiv  or  blue  rays, 
come  soonest  into  sight,  as  the  surface 
of  the  earth  turns  into  daylight. 
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Suppose  the  earth  to  be  turning:  in  the  direction  D  C  A.  Then 
any  given  cloud  would  come  first  into  the  light  of  the  red  rays  R, 
and  the  observer  at  E  would  see  it  so  tinged  on  the  eastern  horizon, 
just  as  he  was  coming  into  daylight. 

Q.     Wliatisthe  cause  of  UOR^IT^  a  twilight  ? 

A.  Some  of  the  rays  of  light  which 
strike  the  top  of  the  atmosphere,  are 
bent  down  while  the  sun  is  still  invisible 
beneath  the  horizon. 

Q.     What  is  the  cause  qfEVENiNG  twilight? 

A.  Some  of  the  rays  of  light  which 
strike  the  top  of  the  atmosphere,  are  bent 
down,  when  the  sun  has  sunk  out  of 
sight  beneath  the  horizon. 

Q.  Why  is  not  the  colour  of  clouds  always 
alike  ? 

A.  Because  the  condition  of  the 
atmosphere  is  continually  varying,  as  also 
the  size,  density,  and  relative  position  of 
the  clouds  with  regard  to  the  sun :  so 
that  sometimes  one  colour  is  reflected, 
and  sometimes  another. 

Q.    Wliat  regulates  the  motion  of  the  clouds  ? 

A.  Principally  the  «fm(Zs;  but  some- 
times electricity  will  influence  their  mo- 
tion also. 
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Q.  JB^oio  do  you  hioto  tliat  clouds  move  hy 
OTHER  influences  besides  wind  ? 

A.  Because  (in  calm  weather),  we 
often  see  small  clouds  meeting  euch  other 
from  opposite  directions. 

Q.  Hoio  do  you  knoio  tliat  electricity 
affects  the  motions  of  the  clouds? 

A,  Because  clouds  often  meet  from 
opposite  directions;  and,  having  dis- 
charged their  opposite  electricities  into 
each  other,  vanish  altogether. 

Q.  Into  hoiv  many  classes  are  the  different 
sorts  of  clouds  generally  divided? 

A.  Into  three  classes  : — viz.  Simple, 
Intermediate,  and  Compound. 

Q.     How  are  simple  clouds  suh-divided  ? 
A.    Into  1. — CuTus  ;  2. — Cumulus; 
and  3. — Stra'tus  clouds. 

Q.     What  sort  of  clouds  are  called  ciERtrs  ? 
A.    Clouds  hke  fibres,  loose  hair,  or 
thin  strealis,  are  called  "  cirrus  clouds." 

Q.     Why  are  these  clouds  called  cierits  ? 

A.  From  the  X:.atin  word  cirrus  ("  a 
lock  of  hair,  or  curl") :  Cirrus  clouds  are 
the  most  elevated  of  all. 

N  3 
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Q.      WJiaf  do  CIKRUS  clouds  POETEND  ? 

A.  Fine  weather.  Whenever  cirrus 
clouds  appear,  there  is  but  httle  moisture 
in  the  air,  and  this  is  only  slowly  con- 
densed in  the  higher  regions  of  the 
atmosphere. 

Q.    What  sort  of  clouds  are  called  ctrM'tri/irs  ? 

A.  Cum'ulus  cloud  are  lumps,  like 
great  sugar  loaves, — volumes  of  smoke, — 
or  mountains  toioering  over  mountains. 

Q.  Whi/  are  these  monster  masses  called 
cum'ulus  clouds  ? 

A.  From  the  Latin  word  cum'ulus 
("  a  mass  or  pile.") 

Q.     What  do  CUM'ULUS  clouds  i-oreshotv? 

A.  "When  these  piles  of  cloud  are 
fleecy,  and  sail  against  the  wind,  they 
indicate  rain  ;  but  when  their  outline  is: 
very  hard,  and  they  come  up  with  the 
wind,  they  foretell  fine  iveather. 

Cum'ulus  clouds  should  be  smaller  towards  evenina:  thfin  they 
are  at  noon.  If  they  increase  in  size  at  sun-set,  a  thunder  storm 
may  be  expected  in  the  night. 

Q.     What  sort  of  clouds  are  called  stba'tus  ? 
A.    Creeping  mists,  especially  preva- 
lent in  a  summer's  evening :  these  clouds 
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rise  at  sun-set  in  low  damp  places;  and 
are  always  nearer  the  earth,  than  any 
other  sort  of  cloud. 

Q.    Tflii/  are  tliese  mists  called  steattjs  clouds  ? 

A..  From  the  Latin  word  stratus 
("  laid  low,"  or  "  that  which  lies  low.") 

Q.     What  produce  CTKRVQ  clouds  ? 

A.  Moisture  in  a  visible  form,  de- 
posited in  the  higher  regions  of  the 
atmosphere  from  ascending  currents  of 
heated  air. 

Q.     What  produce  cttmultis  clouds  ? 

A.  Masses  of  visible  vapour  passing 
from  the  places  where  they  were  formed, 
to  other  places  where  they  are  about 
to  be  either  dissolved,  or  deposited  as 
falling  rain. 

Q.     What  produce  BT-RA.T-US  clouds  ? 

A.  Beds  of  visible  moisture,  formed 
by  some  chilling  effects,  acting  along  the 
direct  surface  of  the  earth. 

Q.  Sow  are  the  intermediate  clouds  sub- 
divided ? 

A.  Into  two  sorts.  1. — The  Cuto- 
Cumulus;  and  %. — The  Cirro- Stratus. 
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Q.     What  are  cieeo-cumulus  clouds  ? 

A.  Cirro- Cumulus  clouds  are  cirms 
clouds  springing  from  a  masmj  centre;  or 
heamj  masses,  edged  with  long  streaks, 
generally  called  "  mares'  tails/' 

A  system  of  small  round  clouds  may  be  called  cirro-cum'ulus. 

Q.  What  do  CIEEO-CUM'ULUS  clouds  gene- 
rally rOEEBODE  ? 

A.  Continued  drought,  or  hot  dry 
weather. 

Q.     Wliat  are  cieeo-stea'ttts  clouds  ? 

A.  They  compose  what  is  generally 
called  a  "  mackarel  sky."  This  class  of 
clouds  invariably  indicates  rain  and  wiiul ; 
hence  the  proverb — 

"  Mackarels'  scales  and  mares'  tails 
Make  lofty  ships  to  carry  low  sails." 

Q.     What  produce  cieeo-ctjm'ulus  clouds? 

A.  Cumulus  clouds  dissolving  away 
into  cirrus  produce  the  intermediate  class, 
called  ciero-cum'ulus. 

Q.     What  produce  cieeo-stea'tus  clouds  ? 

A.  Cirrus  clouds  accumulating  into 
denser  masses  produce  the  intermediate 
class,  called  cirro-stratus. 

Q.     How  are  compound  clouds  sub-divided  / 
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A.    Compound  clouds  are  sub-dmded 

into  2  sorts.    1. — The  Cum'ulo-Stra'tus ; 

and  2. — The  J>Jimbus  clouds. 

Q.  WTiat  is  meant  ly  cum'itlg-stratus 
clouds  ? 

A.  Those  clouds,  which  assume  all 
sorts  of  gigantic  forms ;  such  as  vast 
towers  and  rocks, — huge  whales  and 
dragons. — scenes  of  battles, — and  cloudy 
giants.  This  class  of  clouds  is  the  most 
romantic  and  strange  of  all. 

Q.     What  do  the  cumulo-stbattjs  clouds 

FOEETELL  ? 

A.  A  change  of  weatlier ;  either  from 
fine  to  rain,  or  from  rain  to  fine. 

Q.     What  are  nimbus  clouds  ? 

A.  All  clouds  from  which  rain  falls. 
Nimbus  is  the  Latin  word  for  "  clouds 
which  bring  a  storm." 

Q.  £i/  ivhat  particular  character  may  the 
KIMBTJS  (or  rain-cloud)  he  at  once  distinguished  ? 

A.  By  the  want  of  a  defined  outline : 
Its  edge  is  gradually  shaded  off  from  the 
deep  grey  mass  into  transparency. 

Q.  What  APPEARANCE  takes  place  in  the 
clouds,  at  the  approach  of  rain  ? 
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A.  The  cum'ulus  cloud  becomes  sta- 
tionary, and  cirrus  streaks  settle  upon  it, 
forming  cum'ulo-stra'tus  clouds;  hlack 
at  first,  but  afterwards  of  a  grey  colour. 

Q.     Why  do  clouds  gatlier  round  mountain 

TOPS  ? 

A.  Because  the  air  (being  chilled  by 
the  cold  mountain  tops)  deposits  its 
vapour  there,  in  a  visible  form  or  cloud. 

Q.     What  are  the  uses  of  clouds  ? 

A.  1st — They  act  as  screens,  to 
arrest  the  radiation  of  heat  from  the 
earth ; 

2ndly — They  temper  the  heat  of  the 
suns  rays ;  and 

3rdly — They  are  the  great  store-Jiouses 
of  rain. 

"  Radiation  of  heat,"  i.e.  the  escape  of  heat,  when  no  conductor 
carries  it  away. 

Q.     Why  is  wind  said  to  blow  up  the  clouds  ? 

A.  Because  a  diry  warm  wind  (which 
has  travelled  over  seas)  having  absorbed 
a  large  quantity  of  moisture,  deposits 
some  of  it  in  the  visible  form  of  clouds, 
as  soon  as  it  reaches  a  colder  region  of 
air. 
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Q.  WJiy  does  "wind  sometimes  deive  atvat 
the  clouds  ? 

A.  Because  it  has  travelled  over  d,ry 
limes  or  thirsty  deserts,  and  become  so 
!nj,  that  it  absorbs  vapour  from  the 
clouds,  and  causes  them  to  disappear. 

Q.     What  is  the  cause  of  a  bed  sunset  ? 

A.    The  vapour  of  the  air  not  being 

actually  condensed  into  clouds,  but  only 

on  the  point  of  being  condensed. 

Q.  Why  is  a  eed  sunset  an  indication  of  a 
FINE  DAT  to-morrow  ? 

A.  Because  the  vapours  of  the  earth 
are  not  condensed  into  clouds,  even  by  the 
cold  of  sunset.  Our  Lord  referred  to 
this  prognostic  in  the  following  words : 
"  "When  it  is  evening  ye  say  it  will 
be  fair  weather,  for  the  sky  is  red." 
(Matt.  xvi.  2.) 

Q.     What  is  the  cause  of  a  coppery  yellow 

BUN-SET  ? 

A.  The  vapour  of  the  air  being 
actually  condensed  into  clouds. 

Q.  Wliy  do  vapours  (NOT  actually  condensed) 
refract  eed  rays,  while  condensed  vapour  refracts 
yellow  ? 
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A.  Because  tlie  beams  of  light  meet 
with  very  httle  resistance;  in  conse- 
quence of  which,  those  rays  are  bent 
down  to  the  eye,  which  require  the  least 
refraction,  such  as  red. 

See  figTire  on  p.  135,  -where  it  is  evident  that  the  red  ray  A  E,  is 
less  bent,  than  the  yellow  and  blue  rays,  AY,  AB. 

Q.  Why  do  CONDENSED  vapours  refract 
TELLOW  rays,  loliereas  vapours  not  actually  con- 
densed refract  red  ? 

A.  Because  the  beams  of  hght  meet 
with  more  resistaiice  from  the  condensed 
vapour;  in  consequence  of  which,  those 
rays  are  bent  down  to  the  eye,  which 
are  more  refracted  than  the  red,  such  as 
yellow. 

See  figure  on  p.  135,  -where  it  is  evident  that  the  yello-w  ray 
A  Y,  is  more  bent  than  the  red  ray,  A  R. 

Q.  Wliy  is  a  yellow  sttn-set  an  indication 
of  wet? 

A.  Because  it  shows  that  the  vapours 
of  the  air  are  already  condensed  into 
clouds;  rain,  therefore,  may  be  shortly 
expected. 

Q.     What  is  the  cause  of  a  bed  stjn-eise  ? 
A.    Vapom^  in  the  upper  region  of  the 
sir  just  on  the  point  of  being  condensed. 
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Q.  Why  may  a  red  and  lov)ering  sliy  at  mor- 
niny  he  an  indication  of  ajjproachiny  eain? 

A,  Because  the  density  of  the  air  is 
due  to  an  excess  of  vapour  at  the  point 
of  condensation;  hence  our  Lord's  obser- 
vation, "  In  the  morning  ye  say,  it  Avill 
bo  foul  weather  to-day,  for  the  sky  is  red 
and  lowering."    (Matt.  xvi.  3.) 

Pi'ofossor  Forbes  has  seen  a  red  lifrht  in  the  jet  of  steam  isgiiini? 
from  the  valve  of  a  locomotive,  where  it  is  just  hecommg  visible 
from  condensation.  Professor  Grilllths  states,  that  the  red  and 
loweriniT  mornins?  sky,  which  indicates  foul  weather,  probably  de- 
pends upon  excess  of  vajrour  in  the  atmosphere :  but  as  a  Rcneral 
rule,  dry  air  is  less  transparent  than  moist,  and  red  rays  have  more 
power  to  pierce  through  a  dense  atmosphere  :  hence  the  sun  is  red 
at  rising  or  setting,  or  in  a  fog. 

Q.  Why  is  a  grey  sun-rise  often  indicative 
of  a  FINE  day  ? 

A.  Because  at  the  instant  of  sun- 
rise the  higher  regions  of  the  air  are 
comparatively  free  from  moisture,  and 
feeble  white  light  can  pass  through. 

Grey  is  only  white  in  a  diluted  state. 

Q.  Why  is  a  yellow  tint  in  the  sky  indicative 
of  the  approach  of  wet  ? 

A.    Because  it  shows  that  the  air  is 
moist.    Moist  air  is  more  transparent 
than  dry,  and  allows  yellow  rays,  which 
have  less  momentum  than  red,  to  pass 
itiirough  as  well. 
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Q,.  Wliat  difference  (in  the  state  of  the  air) 
is  required  to  make  a  gebt  and  fiED  sun-rise  P 

A.  In  a  grey  sun-rise  the  air  is 
sufficiently  clear  to  allow  the  three 
coloured  rays  to  pass  with  a  feeble  degree 
of  intensity.  In  a  red  sun-rise,  the  air 
is  so  dense  that  it  stops  all  but  the  red 
rays.    Hence  the  proverb — 

"Evening:  red  and  morning  grey, 
Will  set  the  traveller  on  his  way ; 
But  evening  grey  and  morning  red, 
Will  bring  down  rain  upon  his  head." 

Q.     Why  is  the  sky  blue  ? 

A.  Because  the  weak  blue  rays,  which 
are  reflected  upwards  from  the  earth, 
cannot  get  through  the  air,  and  are 
therefore  sent  doion  again. 

It  is,  properly,  the  air  which  is  blue.  Hence  the  sky  becomes 
of  a  deeper  colour,  as  we  ascend  high  mountains. 

Q.  The  proverb  says,  "  Arainhow  in  the  mor- 
ning is  the  shepherd's  warning  : "  IV hy  is  it  so  ? 

A.  Because  a  mornincj  rainbow  must 
be  always  in  the  west;  and  indicates 
that  bad  weather  is  on  the  road  to  us. 

Q.  Wliy  must  a  moening  rainhow  he  always 
in  the  west  ? 

A.    Because  the  sun  is  in  the  eaat; 
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and  a  rainbow  can  be  formed  only  when 
the  rainy  clouds  are  opposite  to  the  sun. 

Q.  Why  does  a  rainbow  in  the  west  indi- 
cate that  BAD  WEATHEE  is  on  the  road  to  us  ? 

A.  Because  our  heavy  rains  are 
usually  brought  hy  west  or  south-west 
winds;  and  clouds  which  reflect  the 
colour  of  the  rainbow  in  the  west,  must 
be  coming  up  ivith  the  wind. 

This  ■will  not  be  true  if  the  -wind  be  easterly. 

Q.  The  proverb  says,  "  A  hainbow  at  kight 
is  the  shepherd's  delight :"    Why  is  it  so  ? 

A.    Because  a  rainbow  at  nxijht  is  in 

the  east ;  and  indicates,  that  bad  weather 

is  leaving  us. 

Q.  Why  must  a  rainbow  at  ni&ht  be  always 
in  the  EAST  ? 

A.    Because  the  sun  is  in  the  west ; 

and  a  rainbow  can  be  formed  only  when 

the  rainy  clouds  are  opposite  to  the  sun. 

Q.  Why  does  a  rainbow  in  the  east  indicate 
that  bad  loeather  is  leaving  us  ? 

A.  Because  our  rain  is  generally 
brought  by  loest  and  south-west  winds; 
when,  therefore,  the  clouds  (which  reflect 
the  rainbow)  have  been  driven  from  the 
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west  to  the  east,  is  a  plain  proof  that 
they  have  abeadj  passed  over  us,  and 
are  going  away. 

This  ■will  not  be  true  if  the  wind  be  easterly. 

Q.  What  is  meant  hy  an  atjeoea  boeea'lis, 
or  northern  light  ? 

A.  A  luminous  appearance  in  the  north 
of  the  sky  at  night-time.  Sometimes 
streaks  of  blue,  purple,  green,  red,  &c., 
and  sometimes  flashes  of  light  are  seen. 

As  these  streams  of  light  have  a  tremulous  motion,  they  are  called 
in  the  Shetland  Isles,  "Merry  dancers." 

Q.  Describe  the  appearance  of  the  Aurora 
Sorealis,  visible  in  England  on  the  night  of 
November  17th,  1848. 

A.  The  sky  overhead  seemed  in 
flames,  and  bands  of  various  colours  rose 
from  the  horizon  to  the  North  Star, 
forming  a  luminous  arch.  This  magnifi- 
cent appearance  lasted  from  7  till  10 
o'clock  at  night. 

Q.  Is  this  the  usual  appearance  of  the 
Aurora  Sorealis  in  our  island  ? 

A.  No.  It  is  generally  a  luminous 
white  band  on  the  top  of  a  pitchy  dark 
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loud, — low  down  in  the  horizon, — and 
running  from  east  to  west  of  the  due 
north. 

Q.  What  is  the  came  of  the  aueoea  boeea'- 
Lis,  or  northern  light  ? 

A,    The  passage  of  electricitij  through 

tne  higher  regions  of  the  atmosphere. 

Q.  Why  are  there  different  coloubs  in 
the  Aurora  JBorealis,  such  as  white,  yellow,  red, 
and  purple  ? 

A.  Because  the  electric  fluid  passes 
through  air  of  different  densities.  The 
most  rarefied  air  produces  a  white  light ; 
the  most  dry  air,  red;  and  the  most 
damp  produces  yellow  strealcs. 

Q.  Is  the  Aurora  JBorealis  ever  accompanied 
hy  sound  ? 

A.  Yes,  it  is  frequently  accompanied 
by  sounds  resembling  hissing,  murmur- 
ing, rumbling,  or  crackling. 

When  its  coruscations  are  very  bright,  unsettled  weather  gene- 
rally follows ;  but  in  1S48  and  18-19,  brilUant  displays  of  the  Aurora 
Borea'lis  were  followed  by  very  fine  weather. 

Q.  Why  does  a  haze  round  the  sun  indi- 
cate EAIN  ? 

A.  Because  the  haze  is  caused  by  very 
fine  rain,  suspended  in  the  upper  regions  of 

0  3 


150 


EFFECTS  OF  HEAT. 


the  air ;  when  this  is  the  case,  a  rain  of 
5  or  6  hours  duration  may  be  expected. 

Q.  Wh^  is  a  HALO  round  the  moon  a  sure 
indication  of  eain  ? 

A.  Because  it  is  caused  by  fine  rain, 
suspended  in  the  up-per  regions  of  the  air. 
The  larger  the  halo,  the  nearer  the  rain- 
clouds,  and  the  sooner  may  rain  be  ex- 
pected. 

Q.  What  is  the  cause  of  a  black  mist  :  and 
why  does  it  Iring  "wet  iveather  ? 

A.  The  mist  is  hladi,  because  it  is 
overshadowed  by  demise  clouds ;  and  loet 
weather  may  be  expected,  because  the 
air  is  saturated  with  vapour. 

Q.  Why  is  MIST  sometimes  white  :  and  why 
does  a  white  mist  indicate  fine  weather  ? 

A.  The  mist  is  u)h%te,  because  no 
clouds  blacken  it  loith  their  shadoiv ;  and 
fine  weather  may  be  expected,  because 
the  sky  is  cloudless. 

Q  Why  do  toe  feel  almost  sdtfocated  in 
a  hot  cloudy  night  ? 

A.  Because  the  heat  of  the  earth 
cannot  escape  into  the  upper  region  of 
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the  air;  but  is  pent-in  by  the  clouds, 
and  confined  to  the  surface  of  the  earth. 

Q.  Why  do  we  feel  speightly  in  a  clear 
Iright  night  ? 

A.  Because  the  heat  of  the  earth  can 
readily  escape  into  the  upper  regions  of 
the  air,  and  is  not  confined  or  pent-in 
by  thich  clouds. 

Q.  Why  do  vje  feel  depressed  in  spirits 
on  a  WET  murky  bay  ? 

A.  1st — Because  the  air  is  laden 
with  vapour,  and  has  (proportionally)  less 
oxijgen. 

Sndly — The  air  being  ligliter  than 
usual,  does  not  balance  the  air  in  our 
hodij :  and 

3rdly — Moist  air  has  a  tendency  to 
depress  the  nervous  system. 

Q.  What  is  meant  by  the  "  air  balancing  the 
air  in  our  body 

A.  The  human  body  contains  air  of 
a  given  density ;  if,  therefore,  we  ascend 
into  7'arer  air,  or  descend  into  denser, 
the  balance  is  destroyed,  and  we  feel 
oppressed. 
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Q.  WJiy  do  we  feel  tocomfoetable,  iffJie 
air  around  is  not  of  the  same  density,  as  that  in 
our  hodi/  ? 

A.    Because  if  the  air  be  more  deiise 

than  our  body,  it  will  produce  a  feehng 

of  oppressio7i ;  if  it  be  less  dense,  the 

air  in  our  body  will  produce  a  feeling  of 

distension. 

Q.  IVIiy  do  persons,  wJio  ascend  in  baTj- 
LOONS,ye<?/  PAIN  in  their  eyes,  ears,  and  chest? 

A.  Because  the  air  in  the  upper 
regions  of  the  atmosphere  is  more  rare 
than  the  air  in  their  bodies ;  and  (till 
equilibrium  is  restored)  pain  will  be  felt  in 
the  more  sensitive  parts  of  the  body. 

More  especially  in  the  tympanum  of  the  ear. 

Q.  Whi/  do  persons,  loho  descend  in  diving- 
bells,  feel  PAIN  in  their  eyes,  ears,  and  chest  ? 

A.  Because  the  an-  in  the  diving-bell 
is  compressed  by  the  upward  pressure  of 
the  water :  in  consequence  of  which, 
great  pain  is  felt  in  the  more  sensitive 
parts  of  the  body. 

The  pressure  thus  caused  is  sometimes  sufRcient  to  rupture  the 
membrane  of  the  tympanum,  and  produce  inciu'able  deafness. 

Q.     Why  are  peaul  divees  very  frequently 
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A.  Because  the  pressure  of  the  water 
against  the  tympanum  of  their  ears 
ruptures  the  membrane  ;  and  this  rup- 
ture produces  incurable  deafness. 

Q.  WTien  the  white  cloud  from  the  chimney 
of  a  steam  engine  is  seen  trailing  a  long  distance, 
why  may  kain  he  expected  ? 

A.  Because  the  air  is  unwilhng  to 
absorb  any  more  moisture,  and  must  be 
already  nearly  saturated  with  it. 

Q-  At  what  HOUR  of  the  day  may  this  prog- 
nostic of  rain  he  most  certainly  depended  on  ? 

A.  When  it  is  seen  at  about  three  in 
the  afternoon,  a  wet  evening  is  almost 
sure  to  follow. 

Q.    Which  is  the  more  dense,  moist  or  dry  air  ? 

A.  D?-?/ air  is  the  densest.  The  weight 
of  the  atmosphere  almost  always  dimin- 
ishes as  the  fall  of  rain  approaches. 

Q.  Wlien  are  sounds  loudest,  in  moist  or 
in  DRY  weailier  ? 

A.  All  sounds  are  loudest  in  dry  air, 
lecause  it  is  densest. 

The  sound  of  a  boU  can  be  scarcely  heard,  when  it  is  run,?  in  the 
receiver  of  an  air  pump.  And  the"  report  of  a  pistol  is  scarcely 
audible  on  the  top  oi  a  high  mountain. 
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Q.  Why  do  we  feel  braced  and  light- 
HEAETED  on  a  TiifE  spring  or  ekostt  morning  ? 

A.  1st — Because  there  is  more  oxygen 
in  the  air  on  a  fine  frosty  morning,  tlian 
on  a  wet  day  :  and 

Sndly — A  brisk  frosty  air  has  a  ten- 
dency to  hrace  the  powers  of  the  nervous 
system. 

Q.  iVliy  do  dogs  and  cats  (confined  to  a  room) 
feel  LAZT  and  drowsy,  at  the  approach  of  rain? 

A.  1st — Because  the  air  does  not 
contain  its  full  proportion  of  oxygen  :  and 

2ndly — The  damp  depresses  the  powers 
of  their  nervous  system,  and  makes  them 
drowsy. 

Q.  Wlien  sheep  lie  under  a  hedge,  and 
seem  unwilling  to  go  to  pasture,  rain  is  at  hand : 
Explain  the  reason  of  this. 

A.  The  damp  air  relaxes  their  nervous 
system,  and  they  consequently  feel  hstless 
and  drowsy. 

Q.  Why  do  HORSES  neigh,  cattle  low,  sheep 
Meat,  and  asses  hray,  at  the  approach  of  rain? 

A.  Damp  air  relaxes  their  nerves,  and, 
therefore,  they  feel  languid  and  uneasy. 

Q.  Mention  some  other  animals,  ivh ich  indi- 
cate the  approach  of  rain  in  a  similar  way.  , 
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A.    When  pigs  squeak,  as  if  in  great 

1  });iin — frogs  croak  with  a  loud  hoarse 

I  noise — owls   screech — woodpeckers  cry 

— peacocks  scream — guinea-fowls  squall 

— or  ducks  and  geese  are  unusually 

I  uoisy,  rain  is  close  at  hand. 

Q.  Why  do  CANDLES  and  iriEES  hum  with 
^  a  iii,v:E,uJlame  in  wet  weather  ? 

A.  Because  the  heat  of  fire  is  Zcss 
intense  :  In  consequence  of  which,  some 
of  the  carbon  is  not  heated  to  whiteness. 

Unless  the  carbon  be  intensely  heated,  it  will  not  unite  with  the 
oxygen  to  form  carbonic  acid,  but  will  fly  off  as  smoke. 

Q  Why  do  HILLS,  Sfc,  appear  laegee  in 
WET  weather  ? 

A.  Because  the  air  is  laden  with 
vapour,  which  causes  the  rays  of  light  to 
diverge  more;  in  consequence  of  which, 
they  produce  on  the  eye  larger  images  of 
objects. 

Q.  Why  do  TEEES,  ^c.,  in  loet  weather  ap- 
pear EUETHEE  off  than  they  really  are  ? 

A.  Because  the  fog  or  mist  diminishes 
the  light  reflected  from  the  object;  and 
las  the  object  becomes  more  dim,  it  seems 
to  be  further  off. 
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Q.  Wliy  do  OBJECTS  sometimes  seem  to 
DANCE  in  xoarm  weather,  after  much  rain  ? 

A.  Because  the  heat  makes  the  fallen 
rain  evaporate  again  into  the  air  very 
quickly,  and  the  ascending  vapour  causes 
the  density  of  the  air  near  the  ground 
to  vary  continually,  and  as  the  passage 
of  the  rays  of  light  is  affected,  a  twinkling 
or  dancing  motion  is  produced  on  the  eye 

Q  Do  not  DOMESTIC  ANIMALS  ffive  some 
indications  hi/  which  the  approach  of  wet  weather 
may  he  known  ? 

A.  It  is  believed  that  cats  and  house 
dogs  feel  a  cutaneous  irritation  at  the 
approach  of  rain,  and  offer  sensible 
evidence  of  uneasiness. 

Virsil  and  Thompson  have  made  the  subject  a  theme  for  poetry. 
But  the  iniaginatiou  which  makes  a  good  poet,  does  not  always 
make  an  accurate  teacher  of  scientific  facts. 

Q.  Vfliy  is  the  air  generally  dbieb.  hefore 
noon  and  before  simmer,  than  it  is  after  noon  and 
after  simmer  ? 

A.  Because  in  the  morning  and  in 
the  spring,  the  heat  of  the  air  is  on  the 
increase,  and  is  more  capable  of  holding 
vapour  suspended.  In  the  afternoon  and 
in  the  autumn  it  is  getting  on  the  decrease, 
and  is  less  able  to  hold  vaDour  suspended. 
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Q.  W ken  tlie  plants  called  teefoil,  dan- 
delion, PIMPERNEL,  Sfc.,  FOLD  up  their  leaves, 
EAIN  is  always  close  at  hand:  Explain  this. 

A.  1st — The  cloudy  weather  dimin- 
ishes the  light  of  the  sun ;  and  without 
the  stimulus  of  sunlight,  these  flowers 
never  open  their  leaves  :  and 

2ndly — The  vapour  of  the  damp  air, 
insinuates  itself  into  the  vessels  of  these 
dehcate  plants,  and  affects  their  vital 
sensibihties  in  some  unknown  way. 

All  these  plajits  close  at  sun-set  also. 

Q.    Why  do  doors  swell  in  eaint  weather  ? 

A.  Because  the  air  is  filled  ivith 
vapour,  which  penetrates  into  the  pores 
of  the  wood, — -forces  the  parts  further 
apart, — and  swells  the  door. 

Q.      Why  do.doors  shrink  in  dry  weather? 

A.  Because  moisture  is  absorbed  from 
the  wood :  and,  as  the  particles  are 
brought  closer  together,  the  size  of  the 
door  is  lessened, — in  )ther  words,  the 
door  shrinks. 

Q.  Why  is  the  air  filled  with  offensive 
smells,  just  previous  to  rain  ? 

A.    Because  the  volatile  parts  which 
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rise  from  dunghills,  sewers,  &c.,  are 
arrested  by  the  vapour  of  the  air,  and 
prevented  from  rising  so  readily,  as  when 
the  sun  is  shining  brightly. 

Q.  WJiT/  do  PLOWERS  smell  sweetek  and 
ST'B.oi'i  O'ER,  Just  previous  to  rain? 

A.  Because  the  volatile  parts  which 
constitute  the  perfume  of  flowers,  are 
prevented  (by  the  vapour  of  the  air)  from 
rising ;  in  consequence  of  which,  they 
are  confined  to  the  lower  regions  of  the 
atmosphere. 

N.B. — Many  essential  oils  and  other  volatile  substances,  which 
produce  odours  in  pUmts,  requii'e  the  presence  of  much  moisture  for 
their  perfect  development. 

Q.  Why  do  HORSES  and  other  animals 
stretch  out  their  necks,  and  snufe  up  the  air, 
just  previous  to  a  fall  of  rain  ? 

A.  Because  they  smell  the  odour  of 
plants  and  hay,  and  delight  to  snuff  in 
their  fragrance. 

Q.  Why  does  smoke  fall,  when  raet  is  at 
hand  ? 

A.  Because  the  air  is  less  dense,  and 
cannot  huoy  up  the  smohe  so  readily,  as 
dry  and  heavy  air. 
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Q.  Why  do  SWALLOWS  flt  low,  toTien  raik 
is  at  hand  ? 

A.    Because  the  insects  (of  which  they 
are  in  pursuit)  have  fled  from  the  cold 
upper  regions  of  the  air,  to  the  icarm  air 
near  the  earth  :  and  as  their /ooci  ^s  low 
the  swahows  fly  low. 

Q,  Why  do  these  iNSliCTS  seek  the  loicer 
regions  of  the  air  in  wet  weather,  more  than  in 
FINE  ? 

A.  Because  (in  wet  weather)  the 
upper  regions  of  the  air  are  colder  than 
the  lower  ;  and,  as  insects  enjoy  wai'mth, 
they  seek  it  near  the  earth. 

Q.  Why  does  a  downwaed  current  of  cold 
AIE  bring  eain  ? 

A.  Because  it  condenses  the  loarm 
vapour;  which  (being  condensed)  de- 
scends in  rain. 

Hence  rain  generally  follows  a  London  "poa-soup"  fog. 

Q.  The  proverb  says,  "  A  single  magpie 
in  spring,  rouL  weathee  tvill  bring:''  Why 
is  this  the  case  ? 

A.  Because  in  cold  stormy  weather, 
one,  magpie  alone  mil  leave  its  warm  snug 
nest  m  search  of  food,  while  the  other 
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stays  with  the  eggs,  or  young  ones ;  but 
ill  fine  mild  weather  (when  theu^  brood 
will  not  be  injured  by  cold)  both  the 
magpies  fly  out  together. 

Q.  Why  is  it  unlucky  for  an  glees  lo 
see  a  single  magpie  in  spring  ? 

A.  Because,  when  magpies  fly  abroad 
singly,  the  weather  is  cold  and  stormy  ; 
but,  when  both  birds  fly  out  together,  the 
weather  is  warm  and  mild,  which  is 
favourable  for  fishing. 

Q.  Why  do  SEA-GULLS  fly  about  the  sea  in 
riNE  weather  ? 

A.  Because  they  live  upon  the  fishes 
which  are  found  near  the  surface  of  the 
sea  in  fine  weather. 

Q.  W7iy  may  we  expect  stormy  eains, 
when  sea-gulls  assemble  on  the  land? 

A.  Because  the  fishes  (on  which  they 
live)  leave  the  surface  of  the  sea  in  stormy 
weather,  and  are  beyond  the  reach  of  the 
sea-gidls  :  so  they  are  obliged  to  feed  on 
the  worms  and  larvce,  which  come  out  of 
the  ground  at  such  times. 

"  Larvae,"  little  grubs  and  caterpUlara. 
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Q.  Wlnj  do  PETRELS  JIi/  to  the  SEA,  during 
^  a  storm  ? 

A.  Because  they  live  upon  insects^ 
which  are  always  to  be  found  in  abun- 
dance about  the  spray  of  sioelling  waves. 

N.B.  Petrels  are  birds  of  the  duck  kind,  which  live  in  the  open 
sea.  They  run  on  tlie  top  of  the  waves,  and  are  culled  Petrels,  from 
PotrcUo,  an  Italian  word,  which  means  Little  I'ctfr,  in  allusion  to  i'^U 
Peter's  walking  on  the  sea  to  go  to  Jesus.  Our  seamen  call  them 
Mother  Carey's  Chickens.   Their  presence  at  sea  presages  a  storm. 

Q.  Wliy  do  CANDLES  and  lampii  spirt, 
tolien  EAIN  is  at  hand? 

A.  Because  the  air  is  filled  uith 
vapour  which  penetrates  the  wick  ;  where 
(being  formed  into  steam)  it  expands 
suddenly,  and  produces  a  little  explosion. 

Q.  Whi/  does  a  drop  o/*  water  sometiines 
BOLL  along  a  piece  of  hot  iron,  without  leaving 
ihe  least  trace  ? 

A.  Because  the  bottom  of  the  drop  is 
iurned  into  vapour,  and  bimjs  the  drop  up, 
rtdthout  allowing  it  to  touch  the  iron. 

Q.     Why  does  it  roll  ? 

A.    Because  the  current  of  air  (which 
s  always  passing  over  a  heated  sui'face) 
drives  it  along. 
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Q.  Wliy  does a'hkvSD-KE^B put  a  little  sa.liva 
on  a  PLAT-IRON,  to  know  if  it  he  hot  enough? 

A.  Because,  when  the  saliva  sticks  to 
the  box,  and  is  evajoorated,  she  knows  it 
is  not  sufficiently  hot :  but,  when  it  runs 
along  the  iron,  it  is. 

Q.  TFhi/  does  the  saliva  EtrN  along  the  flat- 
iron  tohen  it  is  very  hot  ? 

A.  Because  the  heat  of  the  iron 
converts  the  bottom  of  the  drop  into 
vapour ;  when  this  is  not  the  case,  the 
sahva  will  not  roil  over  the  iron. 


CHAPTER  XII. 
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Q.     What  is  meant  hy  evapoeatiott  ? 
A.    The  dissipation  of  liquid  by  its 
conversion  into  vapour. 

Q.  What  EiTECTs  are  produced  ly  evapora- 
tion ? 

A.    The  liquid  vaporized  alsorbs  lieat 
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from  the  body  whence  it  issues;  and 
the  body,  deprived  of  the  liquid  -by  eva- 
poration, loses  heat. 

Q.  y  you  WET  your  fikgeb  in  yotir  mouth, 
and  hold  it  up  in  the  air,  ivhy  does  it  feel  cold  ? 

A.  Because  the  sahva  quickly  evapo- 
rates ;  and  (as  it  evaporates)  absorbs  heat 
from  the  finger,  making  it  feel  cold. 

Q.  Jfyoti  hatheyour  temples  tcith  ether,  why 
does  it  allay  inflammation  aiid feverish  heat? 

A.  Because  ether  very  rapidly  evapo- 
rates ;  and  (as  it  evaporates)  absorbs 
heat  from  the  burning  head,  producing 
a  sensation  of  cold. 

Q.  Why  is  etheb  better  for  this  purpose 
than  wateh  ? 

A.    Because  ether  requires  less  heat 

to  convert  it  into  vapour ;  in  consequence 

of  which,  it  evaporates  more  quickly. 

N.B. — Ether  is  converted  into  vapour  -with  96  degs.  of  heat :  bnt 
water  requii-es  212  degs.  of  heat  to  convert  it  into  steam. 

Q.     Why  does  etheb,  very  greatly  eelietb 

a  SCALD  or  BUEN  ? 

A.  Because  it  evaporates  very  rapidly; 
and  (as  it  evaporates)  carries  off  the  heat 
of  the  burn. 
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Q.     Why  do  loefeel  cold,  when  we  have  wkt 

PEET  or  CLOTHES  ? 

A.  Because  the  moisture  of  our  shoes 
or  clothes  rapidly  evaporates ;  and  (as  it 
evaporates)  absorbs  heat  from  our  body, 
which  makes  us  feel  cold. 

Q.     Why  do  WET  FEET  or  clothes  give  us 

"COLD?" 

A.  Because  the  evaporation  absorbs 
heat  so  abundantly  from  the  surface  of 
our  body,  that  its  temperature  is  lowered 
below  its  natural  standard  ;  in  consequence 
of  which,  health  is  injured. 

Q.     Why  is  it  danqeeous  to  sleep  in  a 

DAMP  BED  ? 

A.  Because  heat  is  continually  ab- 
sorbed from  the  surface  of  our  body,  to 
convert  the  damp  of  the  sheets  into  vapour  : 
in  consequence  of  which,  our  animal  heat 
is  reduced  beloio  the  healthy  standard. 

Q.  Wliy  is  HEALTH  INJURED,  when  the 
tempei'ature  of  the  body  is  reduced  helow  its 
natural  standard  ? 

A.  Because  the  balance  of  the  circu- 
lation is  destroyed  :  Blood  is  driven  away 
from  the  external  surface  by  the  chill, 
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and  thrown  upon  the  internal  organs, 
which  are  opjjressed  by  this  increased 
load  of  Mood. 

Q.  JVJii/  do  loe  not  feel  the  same  sensation  of 
cold,  if  we  throw  a  macintosh  over  our  wet 

CLOTHES  ? 

A.  Because  the  macintosh  (being  air- 
tight) 'prevents  evaporation ;  and  (as  the 
wet  cannot  evaporate)  no  heat  is  absorbed 
from  our  bodies. 

Q.  Why  do  not  sailors  "  cafc/i  cold,"  loho 
are  frequentlij  wet  all  day  with  ska-water? 

A.  1st — Because  the  salt  of  the  sea 
retards  evaporation ;  and  (as  the  heat  of 
their  body  is  drawn  off  gradually)  the 
sensation  of  cold  is  prevented  :  and 

Sndly — The  salt  of  the  sea  acts  as  a 
stimulant,  and  keeps  the  blood  circula- 
ting in  the  skin. 

Q.  Why  does  speinklino  a  hot  boom  with 
water  cool  it  ? 

A.    Because  the  heat  of  the  room 

causes  a  ra|)2VZ  evaporation  of  the  sprinkled 

water :  and  as  the  water  evaporates,  it 

absorbs  heat  from  the  room,  wdiich  cools  it. 

Q.  Will/  does  WATEEiifa  the  steeets  and 
roads  cool  them  ? 
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A.    Because  they  part  with  their  heat, 

to  promote  the  evaporation  of  the  water 

sprinkled  on  them. 

Q.  Will/  does  a  showee  of  rain  cool  the 
AIE  in  summer-time  ? 

A.  Because  the  wet  earth  parts  with 
its  heat  to  promote  evaporation ;  and  when 
the  earth  is  cooled,  it  cools  the  air  also. 

Q.  Will/  is  LINEN  DEIED  5y  heiiiff  exposed 
to  the  WIND  ? 

A.  Because  the  wind  accelerates  evap- 
oration, by  remo\dng  the  vapour  from  the' 
surface  of  the  luet  linen,  as  fast  as  it  is 
formed.- 

Q.  TFlii/  is  LINEN  DBIED  soojier  in  the  open 
AIE,  than  in  a  confined  room  ? 

A.  Because  the  particles  of  vapour 
are  more  rapidly  removed  from  the 
surface  of  the  linen,  which  increases  the 
evaporation, 

Q.  Wliy  are  wet  summers  generally  suc- 
ceeded hy  (;oLD  winters? 

A.  Because  the  great  evaporation 
(carried  on  through  the  wet  summer) 
reduces  the  temperature  of  the  earth 
lower  than  usual,  and  produces  cold. 
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Q.  Why  is  England  waemee  than  it  used 
to  be,  lohen  agues  were  common  ? 

A.  Because  it  is  hetter  drained,  and 
better  cidtivated. 

Q.     Whi/    docs    DRAINING   land  promote 

WAEMTH  ? 

A.  Because  \i  diminishes  evaporation; 
in  consequence  of  which,  less  heat  is 
abstracted  from  the  earth. 

Q.  Will/  does  cultivation  increase  the 
WARMTn  of  a  country  ? 

A.  1st — Because  hedges  and  belts  of 
trees  are  multiphed  : 

2ndly — The  land  is  better  drained ;  and 

3rdly — The  wast  forests  are  cut  down. 

Q.  Why  do  REDOES  and  belts  of  trees 
promote  wakisitii  ? 

A.  Because  they  retard  evaporation^ 
by  keeping  off  the  loind. 

Q.  I/'  belts  of  trees  promote  warmtu,  lohy 
do  forests  produce  cold  ? 

A.  1st — Because  they  detain  and 
condense  the  passing  clouds. : 

2ndly — They  prevent  the  access  of 
both  ivind  and  sun : 

3rdly — The  sod  of  forests  is  always 


1G8 


EFFECTS  OF  HEAT, 


covered  with  long  damp  grass,  rotting 
leaves,  and  thick  brushwood:  and 

4thly — In  every  forest  there  are  always 
many  hollows  fidl  of  stagnant  water. 

Q.  Wliy  do  LONG-  GEASS  and  EOTTING 
LEAVES  promote  COLD  ? 

A.  Because  they  are  always  damp: 
and  the  evaporation  which  they  promote, 
is  constanthj  absorbing  heat  from  the 
earth  beneath. 

Q.  Why  are  Trance  and  Germany  waemeb 
noio,  than  when  the  vine  would  not  ripen  there  ? 

A.  Chiefly  because  their  vast  forests 
have  been  cut  dotvn ;  and  the  soil  is  better 
drained  and  cultivated. 

Q.  What  lecomes  of  the  watee  of  ponds 
and  TUBS  in  summer-time  ? 

A.  Ponds  and  tubs  are  often  left  dry 
in  summer-time,  because  their  water  is 
evaporated  by  the  air. 

Q.       S^OW  is  this   EVAPOEATTOK  PEODUCED 

and  carried  on  ? 

A.  The  heat  of  the  air  changes  the 
surface  of  the  ivater  into  vapour,  which 
l^blenchng  "^iith.  the  air)  is  soon  wafted 
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away ;  and  this  process  is  repeated,  till 
the  pond  or  tub  is  left  quite  dry. 

Q.  Will/  are  the  wheels  of  some  macJiines 
Icept  constantly  wet  loith  watee  ? 

A.    To  carry  off  (by  evaporation)  the 

heat  which  arises  from  the  rapid  motion 

of  the  wheels. 

Q.     Why  is  mould  hardened  ly  the  sun  ? 

A.  Because  the  moisture  of  the 
mould  is  exhaled  by  evajjoration ;  and, 
as  the  earthy  particles  are  brought  closer 
together,  the  mass  becomes  more  solid. 

Q.  Show  the  wisdom  of  Qod  in  this  arrange- 
ment. 

A  If  the  soil  did  not  become  crusty 
and  hard  in  dry  weather,  the  heat  and 
drought  would  penetrate  the  soil,  and  kill 
both  seeds  and  roots. 

Q.  Why  is  TEA  cooled  fastee  in  a  sauceb 
than  in  a  cup  P 

A.  Because  evaporation  is  increased 
by  increasing  the  surface ;  a;nd,  as  tea  in 
a  saucer  presents  a  larger  surface  to  the 
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air,  its  heat  is  more  rapidly  carried  off 
by  evaporation. 

The  subject  of  "  convection"  -will  be  treated  of  in  a  future  chapter ; 
it  would  be  scarcely  understood  in  this  place.   See  p.  238. 

Q.     Wk)/  is  not  the  yapotjr  of  tJie  sea  salt  ? 

A.  Because  the  salt  of  the  sea-water 
is  always  left  behind,  in  the  process  of 
evaporation. 

Q.  TVhat  is  that  white  ceust,  wTiicTi  appears 
(in  hot  weather)  upon  clothes  ivetted  hy  sea-water? 

A.    Dry  salt,  left  on  the  clothes  after 

the  water  has  evaporated. 

Q.  Why  does  this  white  cetjst  always  Dis- 
APPEAB  in  WET  weather  ? 

A.  Because  the  moisture  of  the  air 
dissolves  the  salt ;  in  consequence  of 
which,  it  is  no  longer  visible. 

Q.  Wliy  should  NOT  persons,  who  taJce  vio- 
lent exercise,  wear  very  thick  clothing-  ? 

A.  Because  it  prevents  persph-ation 
from  evaporating.  When  the  heat  of  the 
body  is  increased  by  exercise,  perspiration 
reduces  it  again  (by  evaporation)  to  a 
healthj  standard:  as  thick  clothing 
prevents  this  evaporation,  it  is  injurious 
to  health. 
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l._CONDUCTION. 

Q.  Sow  is  heat  communicated  from  one 
hoiy  to  another  ? 

A.  1. — By  Conduction.  2. — By  Ab- 
sorption. 3. — By  Reflection.  4. — By 
Radiation.    And  5. — By  Convection. 

Q.     What  is  meant  hj  conduction  of  heat  ? 

A.  Heat  communicated  from  one 
body  to  another  by  actual  contact. 

Q.  Whi/  does  not  a  piece  of  wood  (Mazing 
at  ONE  end)  feel  hot  at  the  other  ? 

A.  Because  wood  is  so  bad  a  conduc- 
tor, that  heat  does  not  traverse  freely 
Jn-ough  it :  hence,  though  one  end  of 
a  stick  be  blazing,  the  other  end  may  be 
quite  cold. 

Q.  Why  do  some  things  feci  coldeb,  than 
others  ? 

A.    Principally  because  they  are  hetter 

Q  2 
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conductors ;  and  draw  off  heat  from  our 
body  much  faster. 

Q.     What  are  the  best  conductors  of  heat  ? 

A.  Dense  solid  bodies,  such  as  metal 
and  stone. 

Q.  Which  metals  are  the  most  eapid  con- 
DUCTOES  of  heat  ? 

A.  The  hcst  conductors  of  heat  are 
1 — gold,  2 — silver,  3 — copper: 

The  next  best  are,  4 — plat'inum,  5 — 
iron,  6 — zinc,  7 — tin  :  Lead  is  a  very 
inferior  conductor  to  any  of  the  pre- 
ceding metals. 

Q.     What  are  the  loorst  condtictors  of  heat  ? 

A.  All  light  and  porous  bodies ;  such 
as  hair,  fur,  wool,  charcoal,  and  so  on. 

Two  of  the  worst  conductors  known  are  hare's  fur  and  eider 
down ; — the  two  next  worst  are  heaver's  fur  and  raw  silk ;  then 
wood  and  lamp-hlack;— then  cotton  and  fine  lint;  then  charcoal, 
■wood  ashes,  &c. 

Q.     Why  are  cooTiing  vessels  often  furnished 

with  WOODEN  HANDLES  ? 

A.  Because  wood  is  not  a  good 
conductor,  like  metal;  and,  therefore, 
wooden  handles  prevent  the  heat  of  the 
vessel  from  rushing  into  our  hands,  to 
burn  them 
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Q.  Why  is  tlie  handle  of  a  metal  tea- 
pot made  of  wood  ? 

A.  Because  wood  is  a  hacl  conductor ; 
therefore,  the  heat  of  boihng  water  is 
not  so  quicMy  conveyed  to  our  hand  by  a 
wooden  handle,  as  hy  one  made  of  metal. 

Q.  TVhy  would  a  metal  handle  buen  the 
HAND  of  the  tea-maker  ? 

A.  Because  metal  is  an  excellent 
conductor ;  therefore,  the  heat  of  boiling 
water  would  pass  so  quicldy  into  the 
metal  handle,  as  to  burn  the  hand. 

Q.     Prove  that  a  metal  handle  would  be 

HOTTER  tha?l  a  "WOODEy  ONE. 

A.  If  we  touch  .the  metal  collar  into 
which  a  wooden  handle  is  fixed,  we 
shall  find  that  the  wooden  handle  feels 
cold,  but  the  metal  collar  intensely  hot. 

Q.     TVhi/  do  persons  use  paper  or  icoollen 

KETTLE-HOLDEES  ? 

A.  Because  paper  and  woollen  are 
both  very  had  conductors  of  heat:  in 
consequence  of  which,  the  heat  of  the 
kettle  does  not  readily  pass  through  them 
to  the  hand. 
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Q.  Does  tlie  heat  of  a  hoiling  Settle  netee 
get  through  the  woollen  or  paper  kettle-holder  ? 

A.  Yes ;  but  though  the  kettle- 
holder  become  as  hot  as  the  kettle 
itself,  it  would  never  feel  so  hot. 

Q.  Why  would  not  the  Icettle-holder  feel 
so  hot  as  the  kettle,  when  hoth  are  of  the  sa/ine 
temperature  ? 

A.  Because  it  is  a  very  &acZ  conductor, 
and  disposes  of  its  heat  too  slowly  to  be 
perceptible ;  but  metal  (being  an  excellent 
conductor)  disposes  of  its  heat  so  quickly, 
that  the  sudden  influx  is  painful. 

Q.  Why  does  hot  metal  feel  moee  in- 
tensely warm,  than  hot  wool  ? 

A.  Because  metal  gives  out  a  much 
greater  quantity  of  heat  in  the  same  space 
of  time ;  and  the  influx  of  heat  is,  con- 
sequently, more  perceptible. 

Q.  Why  does  mo^^et  in  our  pocTtet  feel 
very  hot,  ivhen  loe  stand  before  a  eibe  ? 

A.  Because  metal  is  an  excellent 
conductor,  and  becomes  rapidly  heated : 
For  the  same  reason,  it  becomes  rapidly 
cold,  whenever  it  comes  in  contact  with 
a  substance  colder  than  itself 
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Q.     Wlnj  does  a  pump-handle  feel  intensely 

COLU  IN  WINTER  ? 

A.  Because  it  is  an  excellent  conduc- 
tor, and  draws  off  heat  from  the  hand  so 
rapidly,  that  the  sudden  loss  produces  a 
sensation  of  intense  coldness. 

Q.  7s  tlie  IRON  handle  of  the  pump  really 
COLDER  than  the  wooden  pump  itself? 

A.  No :  every  inanimate  substance 
(exposed  to  the  same  temperature)  pos- 
sesses in  reality  the  same  degree  of  heat. 

Q.  Why  does  the  iron  handle  seem  so  MUCH 
COLDER  than  the  wooden  ^w?«^  / 

A.  Merely  because  iron  is  a  better 
conductor ;  and,  therefore,  draws  off  heat 
from  the  hand  more  rapidly  than  wood. 

Q.  TVhy  does  a  polished  marble  wekhtii  feel 
to  the  feet  colder  than  a  carpet  or  hearth-rug  ? 

A.  Chiefly  because  the  surface  of 
polished  marble  allows  of  a  very  close 
contact;  and  eveiy  point  in  contact  draws 
off  heat,  till  the  whole  marble  is  as  warm 
as  the  foot  resting  on  it. 

stone,  marble,  and  glass,  are  by  no  means  good  conductors,  for 
one  part  of  them  may  be  heated,  while  another  part  remains  cold. 

Q.  If  polished  marble  is  a  BAD  conductor, 
why  does  it  diffuse  heat  ? 
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A.  Because  it  is  so  dense  a  substance 
that  its  particles  lie  very  close  together, 
and  can  therefore,  impart  heat  to  each 
other  far  more  easily  than  if  the  particles 
were  further  apart. 

Q.  Does  not  the  woollen  CAEPETa??(?  heaeth- 
EUG,  conduct  heat  from  the  human  hody  ? 

A.  Yes ;  but  being  very  had  conduc- 
tors, they  convey  heat  away  so  slowhj, 
that  its  loss  is  scarcely  perceptible. 

Q.  Is  the  COLD  HEAETH-STONE  in  reality 
of  the  SAME  temperature  as  the  waem  caepet  ? 

A.  Yes;  everything  in  the  room  is 
really  of  one  temperature,  though  some 
things  feel  to  the  touch  colder  than 
others. 

Q.  Sow  LONG  will  a  hearth-stone  feel  cold 
to  the  feet  resting  on  it? 

A.  Till  the  feet  and  the  hearth-stone 
are  both  of  the  same  temperature ;  and 
then  the  sensation  of  cold  in  the  hearth- 
stone will  go  off. 

Q.  Why  would  not  the  heaeth-stone  feel 
COLD,  when  it  is  of  the  same  temperatxtre  as  our 
feet? 

A.    Because  heat  would  no  longer 
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pass  from  our  feet  into  the  Jieartli-stone^ 
in  order  to  produce  equilibrium. 

Q.  When  the  fire  is  lighted,  lohy  does  a 
polished  MAUBLE  H.EAETH  feel  nOTTEE  than  the 

HEAETH-KUG  ? 

A.  Because  the  polished  surface  of 
the  marble  allows  of  a  much  closer  con- 
tact than  the  hearth-rug,  so  that  it  pours 
heat  into  the  foot  from  many  more  points 
than  the  loose  woollen  pile. 

Q.  Why  does  parting  ivith  heat  eapidly 
make  a  nEAETH-STONE/eeZ  waem  ? 

A.  Because  the  rapid  influx  of  heat 
raises  the  temperature  of  our  body  so 
suddenhj,  that  we  cannot  help  perceiving 
the  increase. 

Q.  Whi/  does  the  non-conducting  power  of 
a  HEAETH-Eua  prevent  its  Jeeling  so  hot  as  it 
really  is  ? 

A.  Because  it  parts  with  its  heat  so 
sloivly  and  gradually,  that  we  scarcely 
perceive  its  transmission  into  our  feet. 

Q.  When  we  plunge  our  hais'DS  into  a  hasin 
of  "WATEE,  why  does  it  produce  a  sensation  of  cold  ? 

A.  Because  water  is  a  hetter  conductor 
than  air ;  and  as  it  draws  off  heat  from 
our  hands  more  rapidly,  it  feels  colder. 
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Q.  Why  does  the  cONDTJCTma  power  of 
water  make  it  feel  coldeu  than  aiu  ? 

A.  Because  it  abstracts  heat  from 
our  hands  so  rapidly,  that  we  feel  its 
loss ;  but  the  air  abstracts  heat  so  very 
sloivly,  that  its  gradual  loss  is  hardly 
perceptible. 

Q.     Is  loater  a  GOOD  conductor  of  heat  ? 

A.  No ;  liquids  are  generally  bad 
conductors  of  heat;  but  yet  water  is  a 
much  better  conductor  than  air. 

Quicksilver,  which  is  a  fluid,  is  a  good  conductor  of  heat,  because 
it  M  metallic. 

Q.  Why  is  WATEE  a  BETTEB,  cotiductor  of 
heat,  than  aie  ? 

A.  Because  it  is  more  dense :  The 
conducting  power  of  any  substance  de- 
pends upon  its  solidity,  or  the  closeness 
of  its  particles. 

Q.  ITow  do  you  know  that  "WATEE  is  not  a 
GOOD  conductor  of  heat  ? 

A.  Because  it  may  be  made  to  boil 
at  its  surface,  without  imparting  sufficient 
heat  to  melt  ice  a  short  distance  below 
the  surface. 

Q.  Why  are  not  liquids  good  conductors  of 
heatj' 
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A.  Because  the  heat  (which  should 
be  transmitted)  produces  evaporation,  and 
flies  off  in  the  vapour. 

Q.  Wh^  does  a  poeee  (resting  on  a  fender) 
feel  COLDER  tlian  the  WEA.nT'a.-rug,  which  is 
further  off  the  fire  ? 

A.  Because  the  poker  is  an  excellent 
conductor,  and  draws  heat  from  our  hand 
much  more  rapidly  than  the  woollen 
hearth-rug,  which  is  a  very  had  con- 
ductor;  though  both,  therefore,  are 
equally  warm,  the  poher  seems  to  be  the 
colder.    (See  also  p.  193.) 

Q.  WJiy  are  hot  beicks  (wrapped  in  cloth) 
employed  in  cold  weather  to  keep  the  feet  warm  ? 

A.  Because  bricks  are  had  conductors 
of  heat,  and  cloth  or  flannel  still  worse : 
in  consequence  of  which,  a  hot  brick, 
(wrapped  in  flannel)  will  retain  its  heat 
a  very  long  time, 

Q.  W7ii/  is  a  tin  pan  (filed  with  hot 
■WA.TEE)  employed  as  a  eoot  warmer  ? 

A.  Because  polished  tin  (being  a  bad 
radiator  of  heat)  liceps  hot  a  very  long 
time ;  and  wai^ms  the  feet  resting  upon  it. 
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Q.  WTiat  is  meant  hy  leing  a  "  lad  badia- 
TOR  of  lieat?'^ 

A.  To  radiate  heat  is  to  throw  off 
heat  hxj  rays,  as  the  sun :  a  pohshed  tin 
pan  does  not  throw  off  the  heat  of  hailing 
water  from  its  surface,  but  keeps  it  in. 

Q.    Will/  are  tin  foot-warmers  covered  with 

FLANNEL  ? 

A.  1st — That  the  polish  of  the  tin 
may  not  be  injured  : 

Sndly — Because  the  flannel  (being 
a  very  had  conductor)  helps  to  keep  the 
tin  hot  longer :  and 

3rdly — Lest  the  conducting  surface  of 
the  tin  should  feel  painfully  hot 

Q.  What  disadvantage  looiild  it  he,  if  the 
POLISH  of  the  tin  loere  injured? 

A.  If  the  tin  foot-warmer  were  to 
lose  its  polish,  it  would  get  cold  in  a 
much  shorter  time. 

Q.  Wlirj  loould  a  tin  foot-warmer  get  cold 
SOONEE  if  its  polish  loere  injuked  ? 

A.  Because  polished  tin  throws  off 
heat  very  slowly;  but  dull,  scratched, 
painted,  or  dirty  tin,  thmvs  off  heat  very 
quicUy. 
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Q.  Wliy  are  furnaces  and  stoves  (wJiere  much 
HEAT  is  required)  huilt  of  poeotts  bricks  ? 

A.  Because  bricks  are  bad  conductors , 
and  p'event  the  escape  of  heat ;  in  conse- 
quence of  which,  they  are  employed 
where  gi'eat  heat  is  required. 

Q,.  Wliy  are  fue^tace  dooes,  Sfc,  freguently 
covered  with  a  paste  of  clat  and  sand  ? 

A.  Because  this  paste  is  a  very  bad 
conductor  of  heat ;  and  therefore  prevents 
tlie  escape  of  heat  from  the  furnace. 

Q.  If  a  stove  he  placed  in  the  middle  of  a 
room,  should  it  be  made  of  bricks  or  lEON  ? 

A,  A  stove  in  the  middle  of  a  room 
should  be  made  of  iron  ;  because  iron  is 
an  excellent  conductor,  and  rapidly  com- 
municates heat  to  the  air  around. 

Q  Why  does  the  Bible  say,  that  God 
"  giveth  snow  like  wool?" 

A.  Because  snoiv  (being  a  very  had 
conductor  of  heat)  protects  vegetables 
and  seeds  from  the  frost  and  cold. 

Q.  Hoio  does  the  non-conducting  power  of  SFOw 
PROTECT  VEGETABLES  from  the  frost  and  cold  ? 

A.  It  prevents  the  heat  of  the  earth 
from  being  drawn  off  by  the  cold  air, 
which  rests  upon  it.  b 
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Q  Why  are  wooLLEiirs  and  tubs  med  for 
clothing  in  cold  weather  ? 

A.  Because  they  are  very  bad  con- 
ductors of  heat:  and,  therefore,  prevent 
the  warmth  of  our  body  from  being 
drawn  off  by  the  cold  air. 

Q.  Do  not  woollens  and  furs  actually  im- 
pact heat  to  the  body  ? 

A.  No ;  they  merely  prevent  the 
heat  of  the  body  from  escaping. 

Q.  Where  would  the  heat  escape  to,  if  our 
hody  were  not  wrapped  in  wool  or  fur  ? 

A.  Into  the  air  ;  for  cold  air  (coming 
in  contact  witli  our  body)  would  gradu- 
ally divavci  away  its  heat,  till  both  were  of 
the  same  temperature. 

Q.  W7i,at  is  the  principal  use  of  CLOTiiisa 
in  tvinter  time  ? 

A.  1st — To  prevent  animal  heat  from 
escaping  too  freely :  and 

Sndly — To  protect  our  body  from  the 
external  air  (or  wind),  which  would  carry 
away  its  heat  too  rapidly. 

Q.  Why  are  beasts  covered  with  ftte,  haie, 
or  WOOL  ? 

A.  Ilecause  fur,  hair,  and  wool,  are 
very  slow  conductors  of  heat;  and  (as 
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dumb  animals  cannot  be  clad,  like  human 
beings)  God  has  given  them  a  robe  of 
hair  or  wool,  to  ki^ep  them  warm. 

Q.     WJiy  are  lirds  covered  ivith  down  or 

TDATHEES  ? 

A.  Because  down  and  feathers  ai-e 
1-ery  had  conductors  of  heat;  and  (as 
birds  cannot  be  ciad,  like  human  beings) 
God  has  given  them  a  robe  of  feathers, 
to  keep  them  warm. 

Q.  SJioiv  how  the  goodness  of  God  is  mani- 
fested, even  in  the  clothing  of  birds  and  beasts. 

A.    Small  birds,  which  are  the  most 

delicate,    have   a   thicker    covering  of 

feathers,  than  those  which  are  larger  and 

more  hardy:  and  beasts  which  live  in 

the  cold  regions  of  the  frigid  zones  have 

tldcker,  coarser,  and  warmer  coats,  than 

those  which  dwell  in  the  tropical  heat. 

Q.  Whg  are  runs,  hair,  and  teatheesj 
such  SLOW  conductors  of  heat  ? 

A.  Because  a  great  quantity  of  air 
lurks  entangled  between  their  fibres; 
and  air  is  a  venj  had  conductor  of  heat. 

The  -wannest  clothing  is  that  which  fits  the  hody  very  loosely  in 
c^ery  part  except  at  the  extrcmitirs ;  because  more  hot  air  will  be 
tonliued  by  a  loose  garment,  than  by  one  -which  fits  the  body  tiyhtly. 
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Q.  •  If  Aiu  he  a  bad  conductor  of  Tieat,  ich/ 
should  we  not  feel  as  warm  without  clothing,  an 
when  wrapped  in  wool  and  fur  ? 

A.  Because  the  air  is  never  at  rest ; 
and  every  fresh  particle  which  comes  in 
contact  with  our  body,  carries  off  a  fresh 
portion  of  heat. 

Q.  Does  the  aih,  which  surrounds  a  nahed 
hody,  become  {ly  contact)  as  waem  as  the  body 
itself? 

A.    It  would  do  so  if  it  remained 

motionless ;  but,  as  it  remains  only  a 

very  short  time,  it  absorbs  as  much  heat 

as  it  can  in  the  time,  and  passes  on. 

Q.  W7iy  do  we  feel  coldee  in  "WINDT 
WEATHEE,  than  in  a  calm  day  ? 

A.  Because  the  particles  of  air  pass 
over  us  more  rapidly ;  and  eveiy  fresh 
particle  takes  from  us  some  portion  of 
heat. 

This  effect  •will  be  greatly  mfluenoed  by  the  temperature  of  the 
•wiad. 

Q-  Sholo  the  wisdom  of  God  in  maTcing  aie 
a  HAD  conductor, 

A.  If  air  were  a  good  conductor  (like 
iron  and  stone)  heat  would  be  drawn  50 
rapidly  from  our  body,  that  we  should  be 
chilled  to  death.    Similar  evils  would  be 
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felt  also  by  all  the  animal  and  vegetable 
world. 

Q.  Does  HOT  air  give  heat  as  slowly  to  our 
tody,  as  cold  air  takes  it  away  ? 

A.  Yes.  A  man  may  go  into  air  of 
the  temperature  of  300°,  without  having 
the  heat  of  his  body  raised  more  than 
two  or  three  degrees. 

Workmen  enter  ovens,  in  the  manufacture  of  moulds  of  plaster 
of  Pai'is,  in  which  the  thermometer  stands  100"  higher  than  the 
temperature  of  boiling  water,  and  take  no  harm.  The  precaution 
must  be  taken,  to  have  no  metal  in  contact  with  the  person ;  a 
gentleman  who  once  entered  a  hot-air  oven  with  spectacles  on,  was 
severely  burnt ;  the  metal  frame  became  rapidly  heated,  being  a 
good  conductor,  and  communicated  the  heat  to  his  nose. 

Q.  Gould  as  liigh  a  temperature  he  home, 
wTien  the  air  is  in  motion  ? 

A.  No.  The  effect  of  the  heated  air 
becomes  more  intense  when  it  is  in  motion, 
because  fresh  portions  are  then  continu- 
ally applied  to  the  surface  of  our  body. 

Q.  Can  all  hodies  he  touched  loithout  inconve- 
nience, when  their  temperature  is  as  high  as  300°  ? 

A.  No,  Metals  cause  pain  when 
their  temperature  is  120":  water  scalds 
when  its  temperature  is  150°. 

Q.  IVliy  does  fanninq  one's  face  in  summer 
make  it  cooh  ? 
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A.  Because  the  fan  puts  the  air  in 
motion,  and  makes  it  pass  more  rapidly 
over  ones  face ;  and  (as  the  temperatm-e 
of  the  air  is  always  loioer  than  that  of 
the  human  face)  each  puff  of  an-  carries 
off  some  portion  of  its  heat. 

Q.     Does  FANNING  maTce  the  air  itself  cooler  ? 

A.  No  :  fanning  makes  the  air  hotter 
and  hotter. 

Q.  JIow  does  FANNING  one's  face  increase 
the  HEAT  of  the  air  t 

A.  By  driving  the  air  more  rapidly 
over  the  human  body;  and  causing  it 
to  absorb  more  heat. 

Q.  If  fanning  makes  the  air  hottee,  vjhf 
can  it  make  a  person  feel  coolek  ? 

A.  Because  it  takes  heat  out  of  the 
face,  and  gives  it  to  the  air. 

Q.     Why  is  Iroth  COOLED  by  blowing  it  ? 

A.  Because  the  breath  causes  a  rapid 
change  of  air  to  pass  over  the  broth ;  and 
(as  the  air  is  colder  than  the  broth)  it 
continually  absorbs  heat  from  it,  and 
makes  it  cooler  and  cooler, 

Q.  JFouId  not  the  air  aisorh  heat  from  broth 
just  as  well  without  blowing  ? 
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A.  No ;  air  is  a  very  bad  conductor  ; 
unless,  therefore,  the  change  he  rapid, 
that  portion  of  air  nearest  the  surface  of 
the  broth  would  soon  become  as  hot  as 
the  broth  itself. 

Q.  Would  not  Jiot  air  part  with  its  heat 
instantly  to  the  circumjacent  air  ? 

A.  No ;  not  instantly.  Air  is  so  bad 
a  conductor,  that  it  parts  with  its  heat 
verij  sloiuly ;  unless,  therefore,  it  be  kept 
in  continual  motion,  it  would  cool  the 
broth  very  sloivly  indeed. 

Q.     Why  does  wind  generally  feel  COOL  ? 

A.  Because  it  drives  the  air  more 
rapidly  over  our  body;  and  this  rapid 
change  of  air,  draws  olf  a  lai-ge  quantity 
of  heat. 

Q.  Why  does  air  absorb  heat  more  quickly 
by  being  set  in  motion  ? 

A.  Because  every  fresh  portion  of  air 
ahsorhs  a  fresh  amount  of  heat ;  and  the 
more  rapid  the  current  of  air,  the  greater 
will  be  the  quantity  of  heat  absorbed. 

Q.  If  the  air  icci'e  hotter  than  our  body, 
would  the  "WIND  feel  cool  ? 

A.  No;  if  the  air  were  hotter  than 
our  body,  it  would  feel  insufferably  warm. 
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Q.  Wliy  would  the  air  feel  unpleasantly 
HOT,  if  it  were  "waemee  than  our  body  ? 

A.  Because  it  would  add  to  the  heat 
of  our  body,  instead  of  diminishing  it. 

Q.     Is  the  OPEN  AIB,  ever  as  hot  as  the 
h  uman  hody  ? 

A.    Not  in  tlm  country ;  in  the  hottest  ■ 
summer's  day,  the  air  is  at  least  10  or  12 
degrees  cooler  than  the  human  body. 

Q.     Is  the  EARTH  a  good  conductor  of  heat  ? 

A.    No  ;  the  eaith  is  a  had  conductor 
of  heat. 

Q.     Why  is  the  earth  a  bad  conductor  of  heat? 

A.  Because  its  particles  ai'e  not 
continuous :  The  power  of  conducting 
heat  depends  upon  the  continuity  of 
matter. 

Q.     Wliy  is  the  earth  (below  the  surface) 
WAUMEB,  in  tointer,  than  the  surface  itself? 

A.  Because  the  earth  is  a  had  con- 
ductor of  heat ;  and,  therefore,  (although 
the  ground  be  frozen)  the  frost  never 
penetrates  more  than  a  few  inches  helow 
the  surface. 

Q.      Why  is  the  earth  (belo"w  the  surface) 
COOLER  in  summer,  than  the  surface  itself? 
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A.  Because  the  earth  is  a  had  con- 
ductor of  heat ;  and,  therefore,  (although 
the  surface  he  scorched  with  the  burning 
sun),  the  intense  heat  cannot  penetrate 
to  the  roots  of  the  plants  and  trees. 

Q.  Shoio  the  WISDOM  of  Go  d  in  making  the 
EAETH  a  BA.D  conductor. 

A.  If  the  heat  and  cold  could  pene- 
trate the  earth  (as  freely  as  the  heat  of  a 
fire  penetrates  iron)  the  springs  would 
be  dried  up  in  summer,  and  frozen  in 
winter ;  and  all  vegetation  would  be  soon 
destroyed. 

Q.  Why  is  water  from  a  spring  always 
COOL,  even  in  simmer  i 

A.  Because  the  earth  is  so  had  a 
conductor,  that  the  rays  of  the  sun  can 
penetrate  only  a  few  inches  below  the 
surface ;  in  consequence  of  which,  the 
springs  of  water  are  not  affected  by  the 
heat  of  summer. 

Q.  TV7iy  is  it  cool  under  a  suadt  tree,  in 
a  hot  smimer's  day  ? 

A.  1st — Because    the  overhanging 
foliage  screens  off  the  rays  of  the  sun  : 
Sndly — As  the  rays  of  the  sun  ai"e 


190 


CONDUCTION 


wai'ded  off,  the  air  (beneath  the  tree)  is  not 
heated  by  the  reflection  of  the  earth  :  and 
3rdly — The  leaves  of  trees  are  good 
radiators  of  heat;  and,  therefore,  send 
bach  to  the  earth  a  great  deal  of  that 
which  they  receive. 

Dew  forms  upon  leaves  early  in  the  eveniug,  because  the  air  cools 
down  qmckly  by  rapid  radiation.   (See  p.  210,  &c.) 

Q.     Whi/  do  Laplanders  wear  skins,  with 

<Ae  FUE  INWAEDS  ? 

A.  1st — B ecnxise  drij  sMns  prevent  the 
wind  from  peneti-ating  to  then-  body ;  and 

Sndly — The  air  (between  the  hairs  of 
the  fur)  soon  becomes  heated  by  the  heat 
of  the  body;  in  consequence  of  which, 
the  Laplander  in  his  fur  is  clad  in  a  case 
of  hot  air,  impervious  to  cold  and  wind. 

Q.  Why  does  a  LINEK  shirt  feel  coldee 
than  a  cotton  one  ? 

A.    Because  linen  is  a  much  better 

conductor  than  cotton ;   and,  therefore, 

draws  away  animal  heat  more  rapidhj,  and 

produces  a  greater  sensation  of  cold. 

Q.  Does  fine  or  coarse  woollen  cloth  malce 
the  WAEMEST  clothing  ? 

A.    The  finer  the  cloth,  the  more 
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slowly  it  conducts  heat.  Fine  cloths, 
therefore,  are  warmer  than  coarse  ones. 

Q      Is  SILK  a  good  conductor  of  heat  ? 

A.  No  ;  it  is  a  bad  conductor  of  heat. 
Spun  silk  allows  the  heat  of  the  body  to 
pass  off  more  quickly  than  wool ;  but  raw 
silk  confines  it  more  than  wool.  (p.  172). 

Count  Rumford  found  that  when  a  thermometer  cooled  do-wn 
135"  in  air  in  STS  seconds,  it  did  not  cool  down  to  the  same  extrnt 
in  less  than  917  seconds,  when  surrounded  by  spnn  silk ;  in  104G 
seconds,  when  surrounded  by  cotton  wool ;  in  1118  seconds,  whi  n 
surrounded  by  sliecp's  wool ;  in  1284  seconds,  when  sui  rounded  by 
raw  silk ;  and  in  1305  seconds,  when  surrounded  by  eider  down. 

Q.  Why  is  our  face  cooled  hy  loiping  tht 
temples  with  a  fine  camhric  handkerchief? 

A.  Because  the  fine  fibres  of  the 
cambric  have  a  strong  capillary  attraction 
for  moisture,  and  are  excellent  conductors 
of  heat :  in  consequence  of  which,  the 
moisture  and  heat  are  abstracted  from 
our  face  by  the  cambric,  and  a  sensation 
of  coolness  produced. 

"Capillary  attraction,"  i.e.  the  attraction  of  a  thread  or  hair. 

The  wick  of  a  candle  is  wet  with  grease,  because  the  melted  tallow 
runs  up  the  cotton  from  capillary  attraction. 

Q.  Why  would  not  a  cotton  handkerchief 
do  as  well  ? 

A.    Because  the  coarse  fibres  of  cotton 
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have  very  little  capillary  attraction,  and 
are  very  bad  conductors  ;  in  consequence 
of  which,  the  heat  of  our  face  would  be 
increased  (rather  than  diminished)  by  the 
use  of  a  cotton  handkerchief. 


CHAPTER  XIV. 


2.— ABSORPTION  OF  HEAT. 

Q.  What  is  the  diJTerence  hetween  con- 
ducting heat,  and  absoubing  heat? 

A.    To  conduct  heat,  is  to  transmit  it 
from  one  body  to  another  tinough 
conductin/j  medium  :  To  absorb  heat,  is  to 
suck  it  up,  as  a  sponge  sucks  up  water. 

Q.     Give  me  an  example. 

A.  Black  cloth  absorbs,  but  does  not 
conduct  heat :  thus,  if  black  cloth  be  laid 
in  the  sun,  it  will  absorb  the  rays  very 
rapidly ;  but  if  one  end  of  the  black  cloth 
be  made  hot,  it  would  not  conduct  the 
heat  to  the  other  end. 

Q.     Are  (jood  condtjctobs  of  heat,  good 

ABSORBERS  alsO  f 
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A.  No ;  every  good  conductor  of  heat 
is  a  had  absorber  of  it :  and  no  good 
absorber  of  heat  can  be  a  good  conductor 
also. 

Q.     Is  mo^  a  ffood  A.BSOB.B'E^  of  heat  ? 
A.    No ;  iron  is  a  good  conductor,  but 
a  very  had  absorber  of  heat. 

The  power  of  absoi'bing  heat  depends  on  the  nature  of  the  surface 
of  a  body ;  thus,  bright  or  poUshed  surfaces  will  not  absorb  heat  so 
readily  as  rough  and  black  ones. 

Q.  Why  do  the  riEE-iBONS  (which  lie  iipon 
a  fender)  remain  cold,  although  they  are  before 
a  good  fire  ? 

A.  Because  they  are  had  absorbers 
of  heat :  in  consequence  of  which,  they 
remain  cold,  unless  they  come  in  contact 
with  the  stove  or  fire. 

Q.  Why  are  the  FiRE-iROifs  intensely  hot, 
tvhen  they  rest  against  a  stove  which  contains 
a  good  fire  ? 

A,  Because  they  are  excellent  con- 
ductors of  heat,  and  draw  it  rapidly  from 
the  stove  with  which  they  are  in  contact. 

Q.  Why  does  a  kettle  hoil  faster,  tvhen 
the  bottom  and  back  are  covered  icith  soot  ? 

A.  Because  the  black  soot  absorbs 
heat  very  quickly  from  the  fire,  and  the 
metal  conducts  it  to  the  water.  s 
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Q.  Why  toill  not  a  new  kettle  hoil  so 
fast  as  an  old  one  ? 

A.  Because  the  hottom  and  sides  of  a 
new  kettle  are  clean  and  bright :  but  hi 
an  old  kettle  they  are  covered  with  soot. 

Q.  Why  would  a  kettle  botl  more  slowly, 
if  the  hottom  and  hack  were  clean  and  hright  ? 

A.  Because  hright  metal  does  not  ab- 
sorb heat,  but  reflects  it :  and  (as  the  heat 
is  thrown  off  from  the  surface  of  bright 
metal  by  reflection),  therefore,  a  new 
kettle  takes  a  longer  time  to  boil. 

Heflects  heat,  i.e.  throws  it  off. 

Q.  Why  do  loe  ivear  a  black  outer  deess, 
if  we  ivant  to  he  warm  ? 

A.  Because  a  black  outer  dress  quickly 
absorbs  heat  from  the  sun's  rays. 

Q.  Why  do  persons  weak  white  dresses  in 
STJMMEE  time  ? 

A,  Because  white  throivs  off  the  heat 
of  the  sun  by  reflection,  and  is  a  very  bad 
absorbent  of  heat;  in  consequence  of 
which)  white  dresses  never  become  so  hot 
from  the  scorching  sun,  as  dark  colours  do. 

Q.  Why  do  kot  persons  wear  white  dresses 
in  wintee  time  ? 
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A.  Because  white  will  not  absorb  heat 
like  black  and  other  dark  colours ;  and, 
therefore,  luhite  dresses  are  not  so  loarm  as 
dark  ones. 

Q.    Wliat  COLOURS  are  WAEMEST/or  dresses ? 

A.  For  outside  garments  black  is  the 
warmest,  and  then  such  colours  as  ap- 
proach nearest  to  black  (as  dark  blue  and 
green).  White  is  the  coldest  coloui'  for 
external  clothing. 

Q.  Wh/  are  daek  colours  (for  external 
tvear)  so  much  warmek  than  light  ojies  ? 

A.  Because  dark  colours  absorb  heat 
from  the  sun  more  abundantly  than  light 
ones. 

Q.  Soio  can  you  prove  that  dark  colours 
are  warmer  than  ligut  ones  ? 

A.  If  a  piece  of  black  and  a  piece  of 
white  cloth  Avere  laid  upon  snow,  in  a  few 
hours  the  black  cloth  will  have  melted  the 
snow  beneath;  whereas,  the  ivhite  cloth 
will  have  produced  httle  or  no  effect  upon 
it  at  all. 

N.B.   The  darker  any  colour  is,  the  warmer  it  is,  because  it  ia  a 
oetter  absorbent  of  heat.   The  order  may  be  thus  arranged  •— 1 
Black  (wannest  of  all)  —2.    Violet.-3.  Indi-o.— 4.  Blue.-s' 
Green.— C,  lied.— 7.  Yellow:  and  8.  White  (coldest  of  all). 
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Q.     Why  are  black  kid  glotjcs  unpleasanthj 
HOT  for  summer  wear  P 

A.  1st — Because  black  absorbs  the 
solar  heat:  and 

2ndly — Kid  will  not  allow  the  heat  of 
our  hand  to  escape  through  the  glove. 

Q.  Why  are  Lisle  thread  gloves  agree- 
ably COOL  for  summer  wear  ? 

A.  1st — Because  thread  absorbs  per- 
spiration :  and 

Sndly — It  conducts  aioay  the  heat  of 
our  hot  hands.    .  i 

Q.  Are  Lisle  thread  gloves  absoebents  of  < 
heat  ? 

A.    No ;  Lisle  thread  gloves  are  gene- 
rally of  a  grexj  or  lilac  colour:   and,  • 
therefore,  do  not  absorb  solar  heat. 

Q.      Wliy  is  a  PLATE-WAEMEE  made  of  trN» 
PAINTED  bright  tin  ?  \ 

A.    Because  bright  tin  rejects  the  heat  ^ 

(which  issues  from  the  fire  in  rays)  upon  ' 
the  meat ;  and,  therefore,  greatly  assists 

the  process  of  roasting.  d| 

Reflects  the  heat,  i.e.  throws  it  back  upon  the  meat. 

Q.      Why  wolold  not  the  tin  replector  do 
as  well,  if  it  were  painted 

A.    Because  it  would  then  absorb  heat,  j 
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and  not  reflect  it  so  well.  A  plate-warmer 
should  never  be  painted,  but  be  kept  very 
clean,  bright,  and  free  from  all  scratches. 

Q.  Whr/  should  a  eefleotoe  he  Tcept  so 
very  clean,  and  free  from  all  sceatches  ? 

A.    Because,  if  a  reflector  were  spotted, 

dull,  or  scratched,  it  would  absorb  heat, 

instead  of  reflecting  it ;  and,  consequently, 

would  be  of  no  use  whatsoever  as  a 

reflector. 

Q.  Will/  does  HOAE-FEOST  remain  on  tomb- 
stones, lonff  after  it  has  melted  from  the  grass 
and  gravel-walks  of  a  church-yard  ? 

A.  Because  tomb-stones  (being  white) 
will  not  absorb  heat,  like  the  darker  grass 
and  gravel;  in  consequence  of  which, 
they  remain  too  cold  to  thaw  the  frost 
congealed  upon  their  surface. 

Q.  IfhlacTc  absorbs  heat,  why  have  those  loho 
live  in  hot  climates  black  skins,  and  not  white 
skins,  which  would  not  absorb  heat  at  all  ? 

A.  Because  blacli  will  not  blister  from 
the  heat  of  the  sun.  Although,  therefore, 
the  black  skin  of  a  negro  absorbs  heat 
more  plentifully  than  the  white  shin  of  a 
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European ;  yet  the  blackness  prevents  the 
sun  from  hlistering  or  scorching  it. 

Q.  IIoio  is  it  knotvn,  that  black  colour 
preve7its  the  sun  from  either  blisteeing  or 
SCOKCHING  the  skin  ? 

A.  If  you  place  a  wliite  cloth  glove  over 
one  hand,  and  a  hlach  doth  one  on  the 
other,  (when  the  sun  is  burmng  hot,) 
the  hand  with  the  white  cloth  covering 
will  be  scorched,  but  not  the  other. 

Q.     Which  hand  will  feel  the  hottee? 

A.  The  hand  covered  with  hlach  cloth 
will  feel  the  hotter,  but  will  not  be  scorched 
by  the  sun :  wdiereas,  the  hand  covered 
with  white  cloth  (though  much  cooler)  will 
be  severely  scorched. 

Q.  Whi/  does  the  black  sJcin  of  a  negeo 
never  scoech  or  blistee  tvith  the  hot  sun  ? 

A.  Because  the  hlack  colour  absorbs 
the  heat,  and  conveys  it  beloiv  the  surface 
of  the  skin. 

Q.  Whi/  does  the  white  European  sJcin  blis- 
tee and  SCOECH,  lohen  eocposed  to  the  hot  sun  ? 

A.  Because  white  ivill  not  absorb  heat; 
and,  therefore,  the  hot  sun  rests  on  the 
surface  of  the  shin,  and  scorches  it. 
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Q.     Wliy  has  a  negro  black  etes  ? 

A.  Because  the  black  colour  defends 
them  from  the  strong  light  of  the  tropi- 
cal sun.  If  a  negro's  eyes  were  not 
black,  the  sun  would  so  dazzle  them, 
that  the  negro  might  become  blind. 

Q.  Why  is  WATEB  (in  hot  weather)  kept 
cooLEE  in  a  beigkt  tijs'  pot  than  in  an  earthen 
one  ? 

A.  Because  bright  metal  will  not 
absorb  heat  from  the  hot  air,  like  an 
earthen  vessel ;  in  consequence  of  which, 
the  water  is  kept  cooler. 

Poilins  tvater  is  also  kept  hot  in  bright  metal,  better  than  in 
trai  tlien  vessels.    (See  p.  209.) 


CHAPTER  XV. 


3.— REFLECTION  OF  HEAT. 

Q.     What  is  meant  by  heelectinq-  heat  ? 

A.  To  reflect  heat,  is  to  throw  it  back 
in  rays  from  the  surface  of  the  reflecting 
body,  towards  the  place  whence  it  came. 

Q.     What  are  the  best  reflectors  of  heat  ? 
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A.  All  bright  sm-faces,  and  light 
colours. 

Q,.  ylre  good  absokhees  of  heat  good  be- 
FLECTOES  also  ? 

A.  No :  those  things  which  absorb 
heat  best,  reflect  heat  worst;  and  those 
which  reflect  heat  worst,  absorb  it  best. 

Q.  rfV/y  are  those  things  which  absobb 
heat,  unable  to  eeflect  it  ? 

A.  Because  the  same  heat  cannot  be 
both  absorbed  and  reflected  :  if  absorbed 
or  taken  into  a  substance,  it  cannot  also 
be  thrown  of  from  its  surface  :  and  if 
thrown  of  from  the  surface,  it  cannot 
also  be.  taken  into  the  substance. 

Q.      JFhi/  are  reflectoes  always  made  of 

LIGHT-COLOUEED  a7ld  7«y//7y-POLISUEB  METAL  ? 

A.  Because  coloured  and  highly- 
polished  metal  makes  the  best  of  all 
reflectors. 

Q.  rF7/y  do  not  plate-warmers  blister  and 
scorch  the  wood  behind? 

A.  Because  the  bright  tin  front 
throws  the  heat  of  the  fire  back  again, 
and  will  not  allow  it  to  penetrate  to  the 
wood  behind. 
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Q.  If  metal  he  such  an  excellent  cojtductou 
of  heat,  hoio  can  it  eeflect  heat,  or  throw  it  ojf? 

A.  Polished  metal  is  a  conductor  of 
heat,  only  when  that  heat  is  communicated 
by  actual  contact:  But,  whenever  heat 
falls  upon  bright  metal  in  rays,  it  is 
reflected  hack  again,  and  the  metal 
remains  cool. 

Q,.  What  is  meant  hy  "  heat  falling  upon 
metal  in  bays,"  and  not  "by  contact  i"' 

A.  A  piece  of  metal  thrust  into  a  fire 
would  be  in  actual  contact  with  that  fire ; 
but  if  held  before  a  fire,  the  heat  of  the 
fii-e  would  fall  upon  it  in  raijs. 

Q.  What  is  the  ttse  of  the  TIN  SCREEN  or 
reflector,  nsed  in  roasting  ? 

A.  It  throws  the  heat  of  the  fire  back 
upon  the  meat:  and,  therefore,  both 
assists  the  process  of  roasting,  and  helps 
to  keep  the  kitchen  cool. 

Q.     Soio  does  a  tin  reflector  tend  to  Jceep 

the  KITCnEN  COOL  ? 

A.  By  confining  the  heat  of  the  fire 
to  the  hearth,  and  preventing  its  disper- 
sion throughout  the  kitchen. 

Q.    Why  are  shoes  hotter  for  heinjj  dusty  ? 


202 


RADIATION. 


A.  Because  dull  dusty  shoes  vn\. 
absorb  heat  from  the  sun,  earth,  and  air ; 
but  shoes  brightly  polished,  throiu  off 
the  heat  of  the  sun  by  reflection. 

Q"  Whi/  does  it  always  feeeze  on  the  top 
of  a  HIGH  mountain  ? 

A.  1st — Because  an*  is  heated  by 
contact  with  the  earth's  surface,  and  not 
by  solar  rays  which  pass  through  it :  As 
a  mountain-top  affords  very  small  surface 
for  such  contact,  it  remains  intensely 
cold ;  and 

2ndly — Wlien  air  flows  up  the  side  of 
a  mountain,  it  expands  from  diminished 
pressure  ;  and  consequently  absorbs  heat 
from  surrounding  objects. 

llai'efied  air  can  liold  more  latent  heat  than  dense  air  can. 


CHAPTER  XVI. 


4.— RADIATION. 

Q.     Wliat  is  meant  hy  eadiation  ? 
A.    Radiation  means  the  emission  of 
rays :  Thus,  the  sun  radiates  both  light 
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and  heat ;  that  is,  it  emits  rays  of  light 
and  heat  in  all  directions. 

Q.  When  is  heat  radiated  from  one  hody 
to  another  ? 

A.  When  the  two  bodies  are  separated 
by  a  non-conducting  medium  :  thus,  the 
sun  radiates  heat  towards  the  earth, 
because  the  air  (which  is  a  very  bad 
conductor)  comes  hetiveen. 

Q.      On  WHAT  does  radiation  depend? 

A.  On  the  roughness  of  the  radiating 
surface  :  thus,  if  metal  be  scratched,  its 
radiating  power  is  increased;  because 
the  heat  has  more  points  to  escape  from. 

Q.     Does  afire  radiate  heat  ? 

A.    Yes ;    and  because  hurning  fuel 

emits  rays  of  heat,  therefore,  we  feel  loarm 

when  we  stand  before  a  fire. 

Q.  Why  does  our  face  feel  uncomfortally 
HOT,  when  we  approach  a  fire  } 

A.    Because  the  fire  radiates  heat 

upon  it ;  and  (not  being  covered)  it  feels 

the  effect  immediately. 

Q.  Why  does  the  fire  catch  our  JFACE  mora 
than  it  docs  the  rest  of  otir  body  ? 

A.    Because  the  rest  of  our  body  is 
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covered  with  clothing;  which  (being  a 
had  conductor)  prevents  the  same  sudden 
and  rapid  transmission  of  heat  to  our 
skin. 

Q.  Do  tJiose  substances  which  badiatb  heat, 
ABBOBB  heat  also  ? 

A.  Yes.  Those  substances  which 
radiate  most,  also  absorb  most  heat :  and 
those  which  radiate  least,  also  absorb  the 
least  heat. 

Q.  Does  any  thing  else  radiate  heat,  besides 
the  SUN  and  riRE  ? 

A.  Yes ;  all  things  radiate  heat  iu 
some  measure,  but  not  equally  well. 

Q.  What  things  eadiate  heat  the  next 
BEST  to  the  sun  and  fire  ? 

A.  All  dull  and  darli  substances  are 
good  radiators  of  heat :  but  all  light  and 
polished  substances  are  bad  radiators. 

Q.  W7>g  should  the  elites  {connected  tvith 
Arnott^s  stoves,  ^'c.)  be  always  blackened  with 
BLACK  LEAD  ? 

A,  In  order  that  the  heat  of  the  flue 
may  be  more  readily  diffused  throughout 
the  room.  Black  lead  radiates  heat  more 
freely,  than  any  other  known  substance. 
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A  better  name  foi-  black  lead  is  "  graphite,"  because  it  contains  no 
metallic  lead,  but  is  a  mbtture  of  carbon  and  iro?i.  It  is  used  chieily 
in  black-lead  pencils ;  and  hence  its  name,  from  the  Greek  word 

ypaxpeiv  to  write.  The  black  lead  used  for  domestic  purposes  con- 
tains only  a  small  portion  of  true  "  graphite." 

Q.  JVhi/  does  a  polished  metal  tea-pot 
malce  better  tea  than  a  black  earthen  one  ? 

A.  Because  polished  metal,  (being  a 
very  had,  radiator  of  heat)  keeps  the  icater 
hot  much  longer ;  and  the  hotter  the  water 
is,  the  better  it  "  draws"  the  tea. 

Q.  Will/  does  not  a  dull  black  tea-pot 
make  good  tea  ? 

A.  Because  the  heat  of  the  water 
jlies  off  so  quickly  through  the  dull  black 
surface  of  the  tea-pot,  that  the  water  is 
very  rapidly  cooled,  and  cannot  "  di'aw" 
the  tea. 

Q.  Whi/  do  pensioners,  and  aged  cottagers, 
generally  prefer  the  little  black  eaethen  tea-pot 
to  the  bright  metal  one  ? 

A.  Because  they  set  it  on  the  hob 
"to  draw;"  in  which  case,  the  Uttle 
black  tea-pot  will  make  the  best  tea. 

Q,.  Whg  will  a  black  tea-pot  make  better 
tea  than  a  bright  metax  one,  if  set  upon  the  hob 

to  DRAW  ? 

A.    Because  the  black  tea-pot  will 
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absorb  heat  plentifully  from  the  fire,. and 

keep  the  water  hot:  whereas,  a  bright 

metal  tea-pot  (set  upon  the  hob)  would 

throiv  off  heat  by  reflection. 

Q.  Then  sometimes  a  black  eautheit  tea- 
pot is  the  best,  and  sometimes  a  bright  metal  one? 

A.  Yes  ;  when  a  tea-pot  is  set  on  the 
hoh  "  to  draw"  black  earth  is  the  hest, 
because  it  ahsorhs  heat :  But,  when  a 
tea-pot  is  not  set  on  the  hob,  bright 
metal  is  the  best;  because  it  radiates 
heat  very  slowly,  and  therefore  heeps  the 
water  hot. 

Q.  Why  does  a  saucepan,  which  has  been 
USED,  boil  in  a  shorter  time  than  a  new  o)ie  ? 

A.  Because  the  bottom  and  back  are 
covered  ivith  soot :  and  black  soot  rapidly 
absorbs  heat  from  glowing  coals. 

Q.  Whi/  should  the  eront  and  lid  of  a 
SAUCEPAN  be  clean  and  bright? 

A.  Because  they  cannota&so?^5  heat,  as 
they  do  not  come  in  contact  with  the  fire  ; 
and  (being  bright)  they  will  not  suffer  the 
heat  inside  them  to  escape  by  radiation. 

Q.  In  what  state  should  a  saucepan  be,  in 
order  that  it  may  boil  most  quicklx  ? 
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A.  All  those  parts,  which  come  in 
contact  with  the  fire,  should  be  covered 
with  soot,  in  order  to  absorb  heat ;  but  all 
the  rest  should  be  as  bright  as  possible  to 
prevent  the  escape  of  heat  by  radiation. 

Q.     Will/  is  it  said  that  "  Satuedat's  kei- 

TLB  5oi7s  ^/ie  FASTEST?" 

A.    Because  on  Saturday,  the  front 

and  top  of  the  kettle  are  generally  cleaned 

and  polished;  but  the  bottom  and  back 

of  the  kettle  are  never  cleaned. 

Q.  W7ii/  sliould  NOT  the  bottom  and  back 
of  a  kettle  be  clean  and  polished  ? 

A.  Because  theij  come  in  contact  with 
the  fire,  and  (while  they  are  covered  with 
black  soot)  absorb  heat  freely  from  the 
bm^ning  coals. 

Q.  Wliy  should  the  teokt  and  top  of  a 
"kettle  he  clean  and  loell  polished  ? 

A.  Because  polished  metal  will  not 
radiate  heat;  and,  therefore,  (while  the 
fi'ont  and  top  of  a  kettle  are  well  pohsh- 
ed)  the  heat  is  kept  in,  and  not  suffered 
to  escape  by  radiation. 

Q.  Why  does  the  bottom  of  a  hettle  feel 
nearly  cold  when  the  water  is  hoiling  hot  ? 

X  2 
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A.  Because  black  soot  is  a  very  had 
conductor  of  heat;  and,  therefore,  the 
heat  of  the  boihng  water  is  some  time 
before  it  gets  through  the  soot,  which  ad- 
heres to  the  bottom  of  the  kettle. 

Q.  JVJ/i/  is  the  LTD  of  a  kettle  intensely 
HOT,  when  the  water  boils  ? 

A.  Because  the  bright  metal  lid  is 
an  admirable  conductor ;  and,  therefore, 
heat  from  the  boiling  ivater  pours  into  our 
hand  the  moment  we  touch  it. 

Q.     Shoto  the  bene/lf  of  smoke  in  cooking. 

A.  The  carbon  of  the  fuel  (which 
flies  off  in  smoke)  naturally  blackens  all 
culinary  vessels  set  upon  a  fire  to  boil, 
and  thus  renders  them  fit  for  use. 

"Culinary  vessels"  are  vessels  used  in  kitchens  for  cooking,  as 
saucepans,  boilers,  kettles,  &c.,  from  the  Latin  word  "CuU'na," 
^    (a  kitchen). 

Q.     Sow  does  smoke  maJce  culinary  vesseh 

FIT  for  USE  ? 

A.  By  covering  them  with  soot.  If 
it  were  not  for  the  soot  (which  gathers 
round  a  kettle  or  saucepan)  heat  would 
not  he  absorbed,  and  the  process  of 
boiling  would  be  greatly  retarded. 
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Q.  WTiy  is  hoilinff  water  kept  hot  in  a  Ijriglit 
METAJi  pot,  hetter  than  in  an  earthen  vessel  ? 

A.  Because  bright  metal  (being  a 
had  radiator)  will  not  thi'ow  of  from  its 
surface  the  heat  of  the  boiling  water. 

Q.  Wliy  ivotild  not  a  metal  pot  serve  to  keep 
water  hot  if  it  were  dull  and  dirty  ? 

A.  Because  it  is  the  bright  'polish  of 
the  metal,  which  makes  it  a  bad  radiator ; 
and  if  it  were  didl,  scratched,  or  dirty, 
heat  would  escape  very  rapidly. 

Water  in  hot  weather  is  also  kept  cooler  in  bright  metal  than  ui 
dull  or  earthen  vessels.    [Seep.  199.) 

Q.      IVJiy  are  dinner-covers  made  of  bright 

TIN  or  SILVER? 

A.  Because  light- coloured  and  highly- 
polished  metal  is  a  venj  had  radiator  of 
heat ;  and,  therefore,  bright  tin  or  silver 
will  not  allow  the  heat  of  the  cooked  food 
to  escape  through  the  cover  hy  radiation. 

Q.  W7ii/  should  a  meat-cover  he  very 
hrightly  polished? 

A.  To  prevent  the  heat  of  the  food 
from  escaping  by  radiation.  If  a  meat- 
cover  be  didl  or  scratched,  it  will  allow 
the  heat  of  the  food  heneath  to  fly  off 
into  the  room.  t  a 
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Q.  WTiy  should  a  silver  meat-cover  he  plaitt, 
and  not  enchased  ? 

A.  Because  a  chased  meat-cover 
would  not  prevent  the  radiation  of  heat 
BO  perfectly  as  a  plain  one. 

Q.     What  is  DEW  ? 

A.  Dew  is  the  vapour  of  the  air  con- 
densed, by  coming  in  contact  with  bodies 
colder  than  itself. 

Q.  Why  is  the  geotjnd  sometimes  coveeed 
with  DEW  ? 

A.  Because  the  sm^face  of  the  earth 
(at  sunset)  is  made  so  cold  by  radiation, 
that  the  warm  vapour  of  the  air  is  chilled, 
by  contact,  and  condensed  into  dew 

Q.  Why  is  the  earth  COLDEE  than  the  aie, 
after  the  sun  has  set  ? 

A.  Because  the  earth  radiates  heat 
very  freely,  but  the  air  does  not ;  in 
consequence  of  which,  the  earth  is  often 
6  or  10  degrees  colder  than  the  air  (after 
sunset) ;  although  it  was  much  loarmer 
than  the  air,  during  the  whole  day. 

Q.  Why  is  the  earth  waemee  than  the  aie, 
during  the  day  ? 

A.  Because  the  earth  absorbs  solar 
heat  very  freely,  but  the  air  does  not;  in 
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consequence  of  wliicli,  it  is  often  many 
degrees  warmer  than  the  air,  during  the 
day. 

Q.  Why  is  the  surface  of  the  ground  colder 
in  a  FINE  clear  night,  than  in  a  cloudy  07ie  ? 

A.  Because  on  a  fine  clear  star-light 
night,  heat  radiates  from  the  earth  freehj, 
and  is  lost  in  open  space  :  but  on  a  dull 
night,  the  clouds  arrest  the  process  of 
radiation. 

Q.     TVhy  is  dew  deposited  only  on  a  fine  clear 

NIGHT  ? 

A.  Because  the  surface  of  the  ground 
radiates  heat  most  freely  on  a  fine  night ; 
and  (being  cooled  down  by  this  loss  .  of 
heat)  condenses  the  vapour  of  the  air  into 
dew. 

Q.  Why  is  there  no  dew  on  a  dull  cloudy 
night  ? 

A.  Because  clouds  arrest  the  radiation 
of  heat  from  the  earth ;  and  (as  the  heat 
cannot  freely  escape)  the  earth's  surface 
is  not  sufficiently  cooled  down,  to  con- 
dense the  vapour  of  the  air  into  cleiu. 

Q.  Why  is  a  cloudy  night  warmer  than  a 
fine  one  ? 
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A.  Because  clouds  prevent  the  radia- 
tion of  heat  from  the  earth;  in  conse- 
quence of  which,  the  surface  of  the  earth 
remains  warmer. 

Q.    Wilt/  is  DEW  most  abundant  in  situations 

most  EXPOSED  ? 

A.  Because  the  radiation  of  heat  is 
not  arrested  by  houses,  trees,  hedges,  or 
any  other  things. 

Q.  Why  is  there  scarcely  any  dew  under  a 
TEEE  when  in  full  foliage  ? 

A.  1st — Because  the  thick  fohage 
arrests  the  radiation  of  heat  from  the 
earth :  and 

2ndly — It  radiates  some  of  its  own 
heat  towards  the  earth;  in  consequence 
of  which,  the  ground  underneath  a  leafy 
tree  is  not  sufficiently  cooled  down,  to 
chill  the  vapour  of  the  air  into  dew. 

Q,.  Why  is  there  never  much  dew  at  the 
foot  of  WALLS  and  hedges  ? 

A.  1st — Because  they  act  as  screens, 
to  arrest  the  radiation  of  heat  from  the 
earth :  and 

2ndly — They  themselves  radiate  soine 
portion  of  heat  towards  the  earth ;  in 
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consequence  of  which,  the  ground  at  the 
foot  of  walls  and  hedges  is  not  sufficiently 
cooled  down,  to  condense  the  vapour  of 
the  air  into  dew. 

Q.  Wilt/  is  there  little  or  KG  dew  heneath  a 
JTLOWEB-AWNING,  although  that  awning  he  open 
on  all  four  sides  ? 

A.  1st — Because  the  awning  arrests 
the  radiation  of  heat  from  the  ground 
beneath :  and 

2ndly — It  radiates  some  of  its  own 

heat  doivnwards ;    in   consequence  of 

which,  the  ground  beneath  an  awning  is 

not  sufficiently  cooled  down,  to  chill  the 

vapour  of  air  into  dew. 

Q.  S^oio  can  a  thin  covering  of  BASS  or  even 
MTJSLIN,  protect  trees  from  eeost  ? 

A.  Because  any  covering  prevents 
the  radiation  of  heat  from  the  tree ;  and 
if  trees  are  not  cooled  down  by  radiation, 
the  vapour  of  the  air  will  not  he  frozen, 
as  it  comes  in  contact  with  them. 

Bass,  pronounce  has — a  kind  of  matting  used  by  gardeners. 

Q.  Why  is  the  bass  or  canvass  itself  {which 
covers  a  tree)  always  drenched  with  dew  ? 

A    Because  it  radiates  heat  both  up- 
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loards  and  doimwards ;  in  consequence 
of  which,  it  is  so  cooled  down,  that  it 
readily  condenses  the  vapour  of  the  air 
mto  dew. 

Q.  TVlii/  does  SNOW  (at  tliefootof  a  hedge 
or  wall)  melt  sooner  than  that  in  an  open  field? 

A.  Because  hedges  or  walls  radiate 
heat  into  the  snow,  which  melts  it. 

Q.     Will/  is  there  so  dew  after  m  windy 

NIGHT  ? 

A.  Because  wind  evaporates  the  mois- 
ture, as  fast  as  it  is  deposited. 

Q.  TVhi/  are  valleys  and  hollows  often 
tliicMy  covered  loith  dew,  although  they  are 
sheltered  ? 

A.  Because  surrounding  hills  prevent 
the  repose  of  air  from  being  disturbed  ; 
but  do  not  overhang  and  screen  the  valleys 
sufficiently  to  arrest  radiation. 

Q.  Why  does  dew  fall  more  abundantly  on 
some  things,  than  on  others  ? 

A.  Because  some  things  radiate  heat 
more  freely  than  others ;  and,  therefore, 
become  much  cooler  in  the  night. 

Q.     Wliy  are  things  which  radiate  heat  most 
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N  FET.ELT,  always  the  most  thickly  coyeeed  with 

DEW  ? 

A.  Because  the  vapour  of  the  air  is 
condensed  into  deio,  the  moment  it  comes 
in  contact  with  them. 

Q.     What  hind  of  things  radiate  heat  most 

TREELY  ? 

A.  Grass,  wood,  and  the  leaves  of 
plants,  radiate  heat  venj  freely;  but 
poHshed  metal,  smooth  stones,  and 
woollen  cloth,  part  with  their  heat  very 
tardily. 

Q.     Do  the  leaves  of  aIiJj  plants  radiate  heat 

EQUALLY  well  ? 

A.    No.    Rough  woolly  leaves  (like 

those  of  a  holly-hock)  radiate  heat  much 

more  freely,  than  the  hard  smooth  polished 

leaves  of  a  common  laurel. 

Q.  Shew  the  wisdom  of  God  in  maJcing 
grass,  the  leaves  of  trees,  and  all  vegetables, 
excellent  radiators  of  heat. 

A.  As  vegetables  require  much  mois- 
ture, and  would  often  perish  without  a 
plentiful  deposit  of  dew,  God  wisely  made 
them  to  radiate  heat  freely,  so  as  to  con- 
dense the  vapour  (which  touches  them) 
into  dew. 
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Q.  Will  polished  metal,  smooth  stokes,  and 
woollen  CLOTH,  readili/  collect  dew  ? 

A.  No.  While  grass  and  the  leaves  of 
plants  are  completely  drenched  ivith  dew,  a 
piece  of  polished  metal,  or  of  woollen  doth 
(lying  on  the  same  spot),  will  be  almost  dnj. 

Q.  Why  would  polished  metal  and  woollen 
CLOTH  he  DET,  whUe  grass  and  leaves  are  drenched 
with  DEW  ? 

A.  Because  polished  metal  and  wool- 
len cloth  part  with  their  heat  so  slowhj, 
that  the  vapour  of  the  air  is  not  condensed 
into  dew,  when  it  passes  over  them. 

Q.  W7ii/  is  a  gravel  walk  almost  dry,  when 
a  grass  plat  is  thickly  covered  with  dew? 

A.  Because  grass  is  a  good  radiator, 
and  throws  off  its  heat  very  freely  ;  but 
gravel  is  a  had  radiator,  and  parts  with 
its  heat  slowly. 

Q.  Is  that  the  reason  why  geass  is  saturated 
with  dew,  and  the  gravel  is  not  ? 

A.  Yes.  When  the  vapour  of  warm 
air  comes  in  contact  with  the  cold  grass, 
it  is  instantly  deposited  as  dew ;  but  it 
is  not  so  freely  condensed^  as  it  passes 
over  the  warmer  gravel. 
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Q.  Wliy  is  DEW  rarely  distilled  upon  hard 
rocks  and  barren  lands  ? 

A.  Because  rocks  and  barren  lands 
are  so  compact  and  hard,  that  they  can 
neither  absorb  nor  radiate  much  heat : 
and  (as  their  temperature  varies  very 
Utile)  very  little  clew  distils  upon  them. 

Q  Why  does  dbw  fall  more  abundantly  on 
cultivated  soils  than  on  barren  lands  ? 

A.  Because  cultivated  soils  (being 
loose  and  porous,)  very  freely  radiate  by 
night,  the  heat  which  they  absorbed  by 
day ;  in  consequence  of  which,  they  are 
much  cooled  down,  and  plentifully  condense 
the  vapour  of  the  passing  air  into  dew. 

Q.  Shew  the  wisdom  of  God  in  this  arrange- 
ment. 

A.    Every  plant  and  each  portion  of 

land,  which  needs  the  moisture  of  dew, 

is  adapted  to  collect  it;  but  not  a  single 

drop  is  toasted,   where   its  refreshing 

moisture  is  not  required. 

Q.  Shew  the  wisdom  of  God  in  maMng 
■polished  metal  and  woollen  cloth  bad  badiatoes 
of  heat. 

A.    If  poKshed  metal  collected  dew  as 
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easily  as  grass,  it  could  never  be  kept  diy 
and  free  from  rust  Again,  if  woollen 
garments  collected  dew  as  readily  as  the 
leaves  of  trees,  we  should  be  often  wet, 
and  subject  to  the  risk  of  "  taking  cold." 

Q.  Slieiv  how  this  affords  a  heautiful  illus- 
tration of  Gideon's  mikacle,  recorded  in  the 
look  of  Judges,  Ti.  37,  38. 

A.    The  fleece  of  wool  (which  is  a 

very  had  radiator  of  heat)  was  wet  with 

dew :  when  the  grass  (which  is  a  most 

excellent  radiator)  was  quite  dry. 

Q.  Was  not  this  conteaex  to  the  laws  of 
nature  ? 

A.  Yes  :  and  was,  therefore,  a  plain 
demonstration  of  iXiQ  power  of  God,  who 
could  thus  change  the  very  nature  of 
things  at  his  will. 

Q.  Why  do  our  clothes  feel  damp,  after 
walking  in  a  fine  evening  in  speijtg  or  autumn  i' 

A.  Because  vapour  (condensed  by 
the  cooling  of  the  air)  is  deposited  upon 
them,  like  dew. 

Q.  Wliy  are  wind  o  ws  often  covered  witli  thick 
MIST,  and  the  frames  wet  with  standing  "Wateb  ? 

A.    Because  the  temperatm^e  of  the 
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external  air  always  falls  at  sun- set,  and 
chills  the  loindow-glass,  with  which  it 
comes  in  contact. 

Q.     How  does  this  account  for  the  mist  and 
■R'ATEE  on  a  ivindow  ? 

A.  As  the  warm  vapour  of  the  room 
toiLches  the  cold  glass,  it  is  chilled  and 
condensed  hito  mist;  and  the  mist  (col- 
lecting  into  dro^^s)  rolls  down  the  window- 
frame  in  httle  streams  of  water. 

Q.  VFliy  does  the  glass  of  a  window  COOL 
down  more  rapidly,  than  the  air  of  the  room  itself 

A.  Because  the  air  of  the  room  is 
Tcept  warm  hj  fires,  and  animal  heat ;  in 
consequence  of  which,  it  suffers  ver) 
little  diminution  of  heat  from  the  setting 
.of  the  sun. 

Q.     WTience  arises  the  tapotjb  of  a  room  ?  ' 

A.  1st — The  air  of  the  room  itself 
natm^ally  contains  vapour : 

Sndly — The  breath  and  insensible  per- 
spiration of  the  inmates  increase  this 
vapour :  and 

3rdly — Hot  dinners,  the  steam  of  tea^ 
and  so  on,  increase  it  still  more. 
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Q.  VFliat  is  meant  ly  "  insensible  perspi- 
ration 

A.  From  every  part  of  the  human 
body,  an  insensible  and  invisible  perspira- 
tion issues  all  night  and  day :  not  only 
in  the  hot  weather  of  summer,  but  also 
in  the  coldest  day  of  winter. 

Q  If  the  perspiration  he  loth  insensible 
and  INVISIBLE,  how  is  it  hnown  that  there  is  any 
such  perspiration  ? 

A.  If  you  put  your  naked  arm  into 
a  clean  dry  glass  tube,  the  perspiration 
will  condense  on  the  glass,  hke  mist. 

Q  Why  are  carriage  windows  very  soon 
covered  xoith  thich  mist  ? 

A.  Because  the  warm  vapour  of  the 
carriage  is  condensed  by  the  cold  glass, 
and  covers  it  with  a  thick  mist. 

Q.  Why  is  the  glass  window  colb  enough 
to  condense  the  vapour  of  the  carriage  ? 

A.    Because  the  inside  of  the  carriage 

is  much  warmer  than  the  outside  ;  and 

the  glass  window  is  made  cold  by  contact 

with  the  external  air. 

Q.     Wliere  does  the  waem  vapour  of  the 
carriage  come  from  ? 

A     .From    the    warm    breath  and 
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insensible  loerspiration  of  the  persons 
riding  in  it. 

Q.  What  is  the  cause  of  the  pretty  mosT- 
■WOEK,  seen  on  bed-room  windows  in  winter  time  ? 

A.  The  breath  and  insensible  perspi- 
ration of  the  sleeper  (coming  in  contact 
with  the  ice-cold  window)  are  frozen  by 
the  cold  glass ;  and  form  those  beautiful 
appearances  seen  in  bed-rooms  on  a 
winter's  morning. 

Q.  Why  is  the  gla.ss  of  a  window  colder 
than  the  walls  of  a  room  ? 

A.  Because  glass  is  so  excellent  a 
radiator,  that  it  parts  with  its  heat  more 
rapidly  than  the  walls  do. 

Q.  Why  is  a  ttjmblbe,  of  cold  water 
made  quite  dull  with  mist,  when  brought  into  a 
room  full  of  people  ? 

A.  Because  the  hot  vapour  of  the 
room  is  condensed  upon  the  cold  tumbler, 
with  which  it  comes  in  contact ;  and  is 
changed  from  the  invisible  and  gaseous 
form,  into  that  of  a  thicli  mist. 

Q.  Why  is  a  glass  made  quite  dull,  by 
laying  a  hot  hand  upon  it  ? 
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A.    Because  the  perspiration  from  the 

hot  hand  is  condensed  upon  the  cold 

glass,  and  made  perceptible. 

Q.  TFJii/  are  wine-glasses  made  quite  dull, 
tvhe7i  hrought  into  a  room  full  of  company  ? 

A.  Because  the  hot  vapour  of  the 
room  (coming  in  contact  with  the  cold 
wine-glasses)  is  condensed  upon  them, 
and  covers  them  with  moisture,  Hke  dew. 

Q.  Will/  does  this  viisty  appearance  GO  GEE, 
after  a  little  time  ? 

A.  Because  the  glass  becomes  of  the 
same  temperature,  as  the  air  of  the  room  ; 
and  will  no  longer  chill  the  vapour  which 
touches  it,  and  condense  it  into  mist. 

Q.  WTiy  is  a  wike-glass  (wJiich  has  been 
brought  out  of  a  cellar  into  the  aie)  covered  with 
a  thick  MIST  in  summer  time? 

A.  Because  the  vapour  of  the  hot 
air  is  condensed  into  a  thick  mist,  by 
contact  with  the  cold  glass. 

Q.  TVhy  does  beeathing  on  a  glass  make 
it  quite  dull  ? 

A.  Because  the  vapour  of  the  hot 
breath  is  condensed  by  the  cold  glass, 
and  covers  it  with  a  thick  mist. 
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Q.  Wliy  a/re  tlie  walls  of  a  house  covered 
with  WiiT  in  a  sudden  thaw  ? 

A.  Because  they  are  thick,  and  can- 
not change  their  temperature  so  fast  as 
the  air ;  in  consequence  of  which,  they 
retain  their  cold,  after  the  thaw  has  set  in. 

Q.  How  does  "eetaining  their  cold" 
account  for  their  being  so  wet? 

A.  As  the  vapour  of  the  warm  air 
touches  the  cold  tvalls,  it  is  chilled  and 
condensed  into  water ;  which  either  sticlcs 
to  the  walls,  or  trickles  down  in  little 
streams. 

Q.  Why  does  a  thick  well-built  house  con- 
tract more  damp  of  this  kind,  than  an  oediijaet 
one  ? 

A.  Because  its  walls  are  much 
thicker ;  and  (if  the  frost  has  penetrated 
far  into  the  bricks)  they  will  be  some  time 
before  they  are  reduced  to  the  same  tem- 
perature as  the  air. 

Q.     Why  are  balusxees,  <^c.,  damp  after  a 

THAW  ? 

A.  Because  they  are  made  of  some 
very  close-grained  vai'nished  wood,  which 
cannot  change  its  temperature,  so  fast  as 
the  aii\ 

Balusters— corruptly  called  banisters. 
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Q.  Sow  does  this  account  for  the  balusters 
heing  damp  ? 

A.  Because  the  vapour  of  the  warm 
air  is  chilled  by  contact  Avith  the  cold 
balusters,  and  condensed  into  water  upon 
them. 

Q.  Wh/  is  the  BEEATH  visible  in  "wintek 
and  not  in  summer  ? 

A.  Because  the  intense  cold  of  win- 
ter condenses  our  breath  into  visible 
vapour;  but  in  summer,  the  air  is  not 
cold  enough  to  do  so. 

Q.  Why  is  our  haie,  and  the  brim  of  our 
HAT,  often  covered  with  little  drops  of  pearly  dew 
in  winter  time  ? 

A.  Because  our  breath  is  condensed 
as  soon  as  it  comes  in  contact  with  our 
cold  hair  or  hat;  and  hangs  there  in 
little  dew-drops. 

Q.  Why  does  the  steam  of  a  railway  boiler^ 
often  pour  down,  like  fine  rain,  when  the  steam  is 
'net  off  V 

A.  Because  in  cold  weather,  the 
steam  from  the  chimney  is  condensed  by 
the  cliill  air,  and  falls  like  fine  rain. 

Q.  Why  is  there  less  dew  when  the  wind 
is  easterly,  than  when  the  wind  is  we  steely  ? 
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A.  Because  easterly  winds  cross  the 
continent  of  Europe,  and  (as  they  pass 
over  land)  are  dry  and  arid :  But  westerly 
winds  cross  the  Atlantic  Ocean,  and  (as 
they  pass  over  water)  are  moist  and  full 
of  vapour. 

Q.  How  does  the  detness  of  an  easterly 
wind  PEEVEKT  deio-falls  ? 

A.  As  easterly  winds  are  very  dry, 
they  imbibe  the  moisture  of  the  air;  in 
consequence  of  which,  there  is  very  little 
left  to  be  condensed  into  deto. 

Q.  Sow  does  the  moistness  of  a  westerly 
wind  PROMOTE  dew-falls? 

A.  As  westerly  winds  are  saturated 
with  vapour,  they  require  very  little 
reduction  of  heat  to  cause  a  copious 
deposition  of  deio. 

Q.     When  is  dew  most  copiouslt  deposited  ? 
A.    Alter  a  hot  day  in  summer  or 
autumn,  especially  if  the  unhid  be  westerly. 

Q.  Why  is  dew  distilled  most  COPiousLT 
after  a  noT  day  ? 

A.  Because  the  surface  of  the  hot 
earth  radiates  heat  very  freely  at  sun-set; 
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and  (being  made  much  colder  than  the 
air)  chills  the  passing  vapour,  and  con- 
denses it  into  dew. 

Q.  Does  not  air  radiate  heat,  as  well  as 
the  EAETH  and  its  various  plants  ? 

A.  No;  the  air  never  radiates  heat; 
nor  is  it  made  hot  by  the  rays  of  the 
sun. 

Q.     £[ow  is  the  air  made  hot  or  cold  ? 
A.    By  convection  of  hot  or  cold 
currents. 

Q.     Explain  this. 

A.  Air  which  is  heated  by  contact 
with  the  earth's  surface  ascends,  and 
colder  comes  into  its  place,  to  be  in  its 
turn  heated  in  the  same  way ;  this  process 
is  repeated,  until  there  no  longer  remains 
any  cold  air  to  be  made  warm. 

Q.     How  is  the  air  made  cold  ? 

A.  By  dhect  contact  with  the  colder 
earth,  and  by  being  mixed  with  colder 
currents  that  are  brought  by  the  wind. 

Q.  Whi/  is  MEAT  veiy  sulject  to  taint,  if 
exposed  on  a  clear  moon-light  night  ? 

A.  Because  on  a  clear  night  it  will 
radiate  heat  very  freely;   and,  conse- 
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quently,  be  ivet  with  dew,  which  favours 
rapid  putrefaction. 

Q.  Hoiv  do  MOON-LIGHT  uigMs  conduce  to 
the  rapid  growth  of  plants  ? 

A.  Kadiation  is  carried  on  very 
rapidly  on  bright  moon-hght  nights ;  in 
consequence  of  which,  dew  is  very  plen- 
tifully deposited  on  young  plants,  which 
conduces  much  to  theu'  growth  and 
vigour. 

Q.     Wliy  is  evening  dew  in jurio  us    health  ? 

A.  Because  it  is  always  laden  with 
noxious  exhalations  from  the  earth ;  espe- 
cially in  marshy  countries. 

Q.     Is  HONEY-DEW  a  similar  thing  to  dew  ? 

A.  No.  Honey-dew  is  a  sweet  hquid, 
shed  by  a  very  small  insect  (called  the 
a'phis),  and  deposited  in  autumn  on  the 
under  surface  of  favourite  leaves. 

Frequently  on  lime  trees,  in  the  spring  also. 

Q.  Does  honey-dew  injuee  leaves,  or  do 
them  good  ? 

A.  It  injures  them  very  much,  by 
filling  the  pores  with  a  thick  clammy 
liquid;  in  consequence  of  which,  the 
leaf  can  neither  transpire,  nor  absorb  its 
needful  food. 
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Q.  Wlmt  EFFECT  has  honey-dew  upon  the 
appearance  of  a  leaf? 

A.  After  a  little  time,  the  leaf  (being 
smothered  and  starved)  iDegins  to  turn 
of  a  dingy  yelloio  colour. 

Q.     Are  not  axts  very  fond  of  honey-dew  P 

A.  Yes  ;  and  crawl  up  to  the  loftiest 
trees,  in  order  to  obtain  it. 

Q.      What  is  the  cause  o/'mist  {or  ea/rth-foq)  ? 

A.  If  the  niglit  has  been  very  cahn^ 
radiation  of  heat  from  the  earth  has  been 
very  abundant ;  in  consequence  of  which, 
the  air  (resting  on  the  earth)  has  been 
chlled,  and  its  vapour  condensed  into  a 
thick  mist. 

Q.     Why  does  not  the  mist  become  dew  ? 

A.  Because  the  chill  of  the  air  is  so 
rapid,  that  vapour  is  condensed  faster 
than  it  can  be  deposited;  and,  (covering 
the  earth  in  a  mist)  prevents  any  further 
radiation  of  heat. 

Q.  When  the  earth  can  no  longer  radiate 
heat  upwards,  does  it  continue  to  condense  the 
vapour  of  the  air  ? 

A.  No ;  the  air  (in  contact  mth  the 
earth)  becomes  about  equal  in  temperature 
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with  the  sui'face  of  the  earth  itself ;  for 
which  reason,  the  mist  is  not  condensed 
into  deiv,  but  remains  floating  above  the 
earth  as  a  thick  cloud. 

Q.  This  mist  seems  to  rise  higher  and  higher, 
and  yet  remains  quite  as  dense  helow  as  at  Jirst. 
Explain  the  cause  of  this. 

A.  The  air  resting  on  the  earth  is 
first  chilled,  and  slowly  mixing  with  the 
air  above,  condenses  it  also  into  mist 
likewise ;  and  as  layer  is  thus  added  to 
layer,  the  mist  seems  to  be  rising^  when 
(in  fact)  it  is  only  deepening. 

Q.     Why  does  mist  and  dew  vanish,  as  the 

SUK  rises  ? 

A.  Because  the  air  becomes  warmer 
after  sun-rise,  and  absorbs  the  vapom-. 

Q.     Why  is  a  dew-drop  bound  ? 

A.  Because  eveiy  part  of  it  is  equally 
balanced:  and,  therefore,  there  is  no 
cause  why  one  part  of  the  drop  should  be 
further  from  the  centre,  than  another. 

Q.  Why  is  a  dew-deop  (on  a  hroad  leaf) 
sometimes  flattened  ? 

A.    Because  two  or  more  drops  of  dew 

roll  together,  and  make  one  large  spheroid 

(or  flattened  di'op.)  x 
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Q.  Wliy  will  dew-drops  roll  about  callage 
plants,  poppies,  Sfc,  without  wetting  the  sv/rface  ? 

A,  Because  the  leaves  of  cabbages 
and  poppies  are  covered  with  a  veiy  fine 
waxen  poioder,  over  which  the  dew-drop 
rolls  without  wetting  the  surface,  as  a 
drop  of  rain  over  dust. 

Q.  W7ig  does  not  a  drop  of  rain  wet  tie 
DUST  over  which  it  rolls  ? 

A.  Because  dust  has  no  affinity  for 
water;  and,  therefore,  repels  it. 

Q.  Whg  does  not  a  dew-drop  wet  the  pow- 
DEE  of  callage-plants  ? 

A.    Because  the  fine  powder,  which 

covers  cabbage-leaves,  has  no  affinity  for 

water ;  and,  therefore,  repels  it. 

Q.  TVhi/  will  dew-drops  eoll  over  o  eose,  ^o. 
without  wetting  the  petals  ? 

A.  Because  the  leaves  of  a  rose 
contain  an  essential  oil,  which  has  no 
affinity  for  water ;  and,  therefore,  repels  it. 

Q.  Whg  can  swans  and  ducks  dive  under 
water  without  leing  wetted  ? 

A.  Because  then-  feathers  are  covered 
with  an  oily  secretion,  which  has  no 
affinity  for  water;  and,  therefore,  repels  it. 
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Q.  Whj  are  currents  of  air  from  the  land 
COLDBE  than  those  hloiving  over  water  ? 

A.  Because  the  earth  radiates  heat 
after  sun-set  more  freely  than  water; 
consequently,  air  which  comes  in  con- 
tact with  the  land  is  colder  than  that 
which  comes  in  contact  with  water. 

For  other  questions  respecting  land  and  sea  breezes,  see  Chapter 
XXII.,  page  300. 

Q.  Wliy  is  not  air,  tohich  passes  over  water, 
so  COOL  as  that  which  passes  over  land  ? 

A.  Because  water  does  not  cool  down 
at  sun-set,  so  fast  as  land  does :  and, 
therefore,  the  air  in  contact  with  it 
remains  warmer. 

Q.    Whi/  does  not  water  cool  down  so  fast 

as  LAND  ? 

A.  ,1st — Because  the  surface  of  water 
is  perpetually  changing ;  and,  as  fast  as 
one  surface  is  made  cold,  another  is  pre- 
sented :  and 

Sndly — When  water  is  made  cold  it 
sinks,  and  warmer  portions  of  water  rise 
to  occupy  its  place  :  before,  therefere, 
tlie  surface  of  water  is  cooled,  the  ivliole 
volume  must  be  made  cold ;  which  is  not 
the  case  with  land.  ^  ^ 
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Q.     WTiat  is  the  cause  of  a  "pea-soup" 

LONDON"  FOG  ? 

A.  These  fogs  (which  occur  generally 
in  the  winter  time)  are  occasioned  thus : — 
Some  current  of  air  (being  suddenly 
cooled)  descends  into  the  warm  streetSy 
forcing  back  the  smoke  in  a  mass  towards 
the  earth. 

Q.  W/ii/  are  there  not  always  fogs,  every 
night  ? 

A.  Because  the  air  will  always  hold 
in  solution  a  certain  quantity  of  vapour, 
(which  vaiies  according  to  its  tempera- 
tm'e) ;  and,  when  the  air  is  not  saturated, 
it  may  be  cooled  without  parting  with  its 
vapour. 

Q.     When  do  fogs  occur  at  night  ? 

A.  When  the  air  is  saturated  with 
vapour  during  the  day.  When  this  is 
the  case,  it  deposits  some  of  its  super- 
abundant moisture  in  the  form  of  dew  or 
fog,  as  soon  as  its  capacity  for  holding 
vapour  is  lessened  by  the  cold  night. 

Q.  Whg  is  there  very  often  a  fog  over 
MAESHES  and  EIVEKS,  at  night-time  ? 

A.    Because  the  air  of  marshes  is 
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almost  always  near  saturation;  and, 
therefore,  the  least  depression  of  tempera- 
ture will  compel  it  to  relinquish  some 
of  its  moisture  in  the  form  of  dew  or 
fog. 

Q.  WTiat  is  the  difference  between  dew 
and  rain  s 

A.  In  dbew^  the  condensation  is  made 
near  the  earth's  surface. 

In  rain,  the  di'ops  fall  from  a  consid- 
erable height. 

Q.     WJiat  is  the  cause  ofhoth  dew  and  rain  ? 

A.  Cold  condensing  the  vapour  of 
the  air,  when  near  the  point  of  satura- 
tion. 

Q.     Why  do  mist  and  fog  tanis  h  at  sun-rise  ? 

A.  Because  the  condensed  particles 
are  again  changed  into  invisible  vapour 
by  the  heat  of  the  sun. 

Q.  What  is  the  difference  between  a  mist 
and  a  fog  ? 

A.  Mist  is  generally  applied  to 
vapours  condensed  on  marshes,  rivers, 
and  lakes. 

Fog  is  generally  apphed  to  vapours 

X  3 
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condensed  on  land;  especially  if  those 
vapours  are  laden  with  smoke. 

Q.  What  is  the  reason  why  condensed  vapou/r 
sometimes  forms  into  clouds,  and  sometimes  into 
POG  ? 

A.  If  the  surface  of  the  earth  is 
hotter  than  the  incumbent  air,  the  vapour 
of  the  earth  is  chilled  by  the  cold  air, 
and  becomes  fog  :  But  if  the  air  is 
hotter  than  the  earth,  the  vapour  rises 
through  the  air,  and  becomes  cloud. 

Q.  If  cold  air  produces  fog,  why  is  it  not 
foggy  on  a  peostt  morning  ? 

A.  1  st — Because  less  vapour  is  formed 
on  a  frosty  day  :  and 

2ndly — The  vapour  is  frozen  upon 
the  ground,  before  it  can  rise  from  the 
earth ;  and  becomes  hoar-frost. 

Q.  Why  are  fogs  more  general  in  autumn, 
than  in  spring  ? 

A.  1st — Because  the  air  in  spring  is 
generally  much  drier  than  in  autumn ; 
in  consequence  of  which,  it  is  not  so 
near  the  point  of  saturation :  and 

2ndly — The  earth  in  spring  is  not  so 
hot,  as  it  is  in  autumn ;  in  consequence 
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of  which,  its  vapour  is  not  chilled  into 
fog,  as  it  rises  into  the  air. 

Q.  Why  are  fogs  more  common  in  tallets, 
than  on  hills  ? 

A.  1st  —  Because  valleys  contain 
more  moisture  than  hills ;  and 

Sndly  —  They  are  not  exposed  to  suffi- 
cient wind,  to  dissipate  the  vapour. 

Q.     Eow  does  wind  dissipate  fogs  ? 

A.  Either  by  blowing  them  away ; 
or  else  by  dissolving  them  into  vapour 
again. 

Q.       What  is  HOAE-EEOST  ? 

A,  There  are  two  sorts  of  hoar-frost : 
1. — Feozen  dew  :  and  2. — Feozen  fog. 

Q.  WJiat  is  the  cause  of  the  geound  hoar- 
frost, or  frozen  dew  ? 

A.  Very  rapid  radiation  of  heat  from 
the  earth;  in  consequence  of  which,  the 
surface  is  so  cooled  down,  that  it  freezes 
the  dew  condensed  upon  it. 

Q.  Why  is  hoarfrost  seen  only  after  a  very 
CLEAE  night  ? 

A.  Because  the  earth  will  not  have 
thrown  off  heat  enough  by  radiation,  to 
freeze  the  vapour  condensed  upon  its 
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surface,  unless  the  night  has  been  very 
clear  indeed. 

Q.  Why  does  hoar-frost  very  often  cover 
the  GEOUND  and  teees,  when  the  water  of  rivers 
is  not  frozen  ? 

A.  Because  it  is  not  the  effect  of  cold 
in  the  av\\  but  cold  on  the  surface  of  the 
earth  (produced  by  excessive  radiation), 
which  freezes  dew  into  hoar-frost. 

Q.  Why  is  the  hoarfrost  upon  grass  and 
VEGETABLES  much  thicker  than  that  upon  lofty 
trees  ? 

A.  Because  the  air  (resting  on  the 
surface  of  the  ground)  is  much  colder 
after  sun- set,  than  the  air  higher  up: 
in  consequence  of  which,  more  vapour  is 
condensed  and  frozen  there. 

Q.  Why  is  the  Aiu  {resting  on  the  surface  of 
the  earthy  colder  than  that  in  the  higher  regions  ? 

A.  Because  the  earth  radiates  more 
heat  than  the  leaves  of  lofty  trees;  and, 
therefore,  more  rajjidly  condenses  and 
freezes  the  vapour  of  the  air. 

Q.  Wliy  are  evergreens  often  fbost-bitteit, 
when  lofty  trees  are  kot  ? 

A.    Because  they  do  not  rise  far  above 
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the  surface  of  the  earth ;  and  (as  the  air 
contiguous  to  the  earth  is  made  colder  by 
radiation,  than  that  in  the  higher  regions) 
therefore,  the  low  evergreen  is  often  frosi- 
hitten,  when  the  lofty  tree  is  uninjui'ed. 

Q.  Will/  is  there  little  or  no  hoar-frost 
under  shbtibs  and  shady  teees  ? 

A.  1st — Because  the  leafy  top  arrests 
the  process  of  radiation  from  the  earth. 

2ndly — Shrubs  and  trees  radiate  heat 
towards  the  earth ;  and,  therefore,  the 
ground  beneath  is  never  cold  enough  to 
congeal  the  little  dew  deposited  there. 

Q.  Wliy  is  there  more  hoar-frost  along 
the  shady  margin  of  a  hedge  than  in  the  open 
Jield,  as  the  day  advances  ? 

A.  1st — Because  the  shade  of  the 
hedge  prevents  the  dissipation  of  the 
hoar-frost  by  the  sun:  and 

Sndly — Because  the  hedge  screens  off 
wind  and  prevents  the  repose  of  the  air 
being  disturbed. 

Q.  What  is  the  cause  of  that  hoarfrost, 
which  arises  from  frozen  fog? 

A.    The  congelation  of  night-fog  by 
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the  freezing  chill  of  earhj  morning,  in; 
consequence  of  which  the  fog  is  frozen: 
upon  every  object  on  which  it  was; 
deposited. 

CHAPTER  XYIL 


5.— CONVECTION. 

Q.    Wliat  is  meant  hy  tJie  contectioit  of  heat  ? 

A.  Heat  communicated  by  ■  being 
carried  to  another  thing  or  place;  as 
the  hot  water  rising  from  the  bottom  of  a 
kettle,  carries  heat  upward  in  its  ascent. 
{see  p.  252.) 

Q.     Ai^e  liquids  good,  conductoks  of  heat  ? 

A.  No ;  liquids  are  bad  conductors ; 
and  are,  therefore,  made  hot  by  con- 
vection. 

Q.     Why  are  liquids  had  conductors  of  heat  ? 

A.  Because  their  particles  (upon 
every  change  of  temperature)  are  put 
into  motion,  and  do  not  remain  suffi- 
ciently long  in  contact  with  each  other  to 
conduct  heat  progressively,  hke  a  bar  of 
iron. 
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When  heat  is  applied  to  the  surface  of  a  fluid,  it  is  very  slowly 

diffused  in  a  downward  direction,  because  the  warmed  particles 
continually  ascend,  without  having  tline  to  impart  heat  to  the 
particles  below. 

Q.     I^xplain  how  ivater  is  made  hot. 

A.  The  water  nearest  the  fire  is  first 
heated,  and  (being  heated)  rises  to  the 
top ;  its  place  is  supphed  by  colder  por- 
tions, which  are  heated  in  turn,  and  this 
interchange  continues  till  all  the  water  is 
boiling  hot. 

Q.  Why  is  water  in  such  continual  feb- 
MENT,  tohcn  it  is  boiling  ? 

A.  This  commotion  is  mainly  pro- 
duced by  the  ascending  and  descending 
currents  of  hot  and  cold  water. 

The  escape  of  steam  from  the  water  contributes  to  increase  this 
atnttttion. 

Q.    How  do  these  two  currents  pass  each  other? 

A.  The  hot  ascending  current  rises 
up  through  the  centre  olthe  mass  of  water; 
while  the  cold  descending  currents  pass 
down  by  the  metal  sides  of  the  kettle. 

For  other  questions  upon  the  subject  of  boiling  water,  see  from 
page  115  to  222. 

Q.  JVhi/  is  heat  applied  to  the  bottom, 
and  not  to  the  top  of  the  kettle  ? 

A.  B  ecause  the  heated  water  always 
ascends  to  the  surface  ;  if,  therefore,  heat 
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were  applied  to  the  top  of  a  vessel,  the 
water  below  the  surface  would  never  be 
heated. 

Q.  the  lower  part  of  a  grate  is  made 

BED-HOT  hy  the  fire  above,  ivhy  would  not  water 
hoil  if  fire  were  applied  to  the  top  of  a  kettle  ? 

A.  The  iron  of  a  grate  is  an  excellent 
conductor;  if,  therefore,  one  part  be 
heated,  the  heat  is  conducted  to  every 
other  part :  But  water  is  a  very  had  con- 
ductor, and  will  not  diffuse  heat  in  a 
similar  way. 

Q.  Prove  that  water  is  a  bad  conductor  of 
heat. 

A.  When  a  blacksmith  immerses  his 
red-hot  iron  in  a  tank  of  water,  the  water 
which  smTOunds  the  iron  is  made  boiling 
hot,  while  that  heloiv  the  surface  remains 
quite  cold. 

Q.  Tfyou  wish  to  cool  liquids,  where  should 
the  cold  he  applied  ? 

A.  To  the  top  of  the  lic^id :  because 
the  cold  portions  will  always  descend,  and 
allow  the  warmer  parts  to  come  in  con- 
"■.act  with  the  cooling  substance. 

Q,.  Does  BOILING  water  get  hotter  hy  being 
KJ£Pi  on  t/ie  jh'"''.  ^ 
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A.  No : — not  if  the  steam  be  suflfered 
to  escape. 

Q.  Wliy  does  not  loiling  icaitr  get  hotter 
if  the  steam  he  suffered  to  escape  ? 

A.  Because  the  water  is  converted 
into  steam^  as  fast  as  it  boils ;  and  the 
steam  carries  away  the  additional  heat. 

Q.  Why  does  soup  Jceep  hot  longer  than 
loiling  water  ? 

A.  Because  the  grease  and  various 
ingredients  floating  in  the  soup,  retard 
the  ascent  of  the  hot  particles,  and  pre- 
vent theh  rising  so  freely  to  the  surface. 

Q.  If  you  want  to  keep  water  HOT  for  a 
long  time,  how  could  it  be  done  ? 

A.  By  adding  a  little  starcli  or  flour 
to  the  water. 

Q.  Why  would  a  little  starch,  added  to 
boiling  water,  serve  to  keep  it  hot  ? 

A.  Because  it  would  retard  the  ascent 
of  the  hot  particles,  and  prevent  their 
reaching  the  surface  of  the  water. 

Q.  Why  do  thick  milk,  rice  milk,  ^c,  re- 
main HOT  longer  than  water  ? 

A.    Because  the  ascent  of  the  hot 
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pai'ticles  is  opposed  by  the  flour  or  rice, 
which  therefore  cannot  reach  the  surface 
so  quickly. 

Q.     Is  STEAM  visible  or  invisible  ? 

A.  Steam  is  invisible;  but  when  it 
comes  in  contact  with  the  air,  and  is  con- 
densed  into  small  drops,  it  becomes  visible. 

Q.    So w  do  you  know  that  steam  is  invisible  ? 

A.  If  you  look  at  the  spout  of  a 
boiling  kettle,  you  will  find  that  the 
steam  (which  issues  from  the  spout)  is 
always  invisible  for  about  half  an  inch; 
after  which,  it  becomes  visible. 

Q.    Wliy  is  the  steam  invisible/or  half  an  inch  ? 

A.  Because  the  air  is  not  able  to 
condense  it,  as  it  first  issues  from  the 
spout ;  but  when  it  spreads  and  comes  in 
contact  with  a  larger  volume  of  air,  the 
invisible  steam  is  readily  condensed  into 
visible  drops. 

Q.     Wliy  do  steam-engines  sometimes  burst  ? 

A.  Because  steam  is  very  elastic; 
and  this  elasticity  increases  in  a  greater 
proportion  than  the  heat  which  produces 
it :  unless,  therefore,  some  vent  be  freely 
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allowed,  steam  will  burst  the  vessel  which 

confines  it. 

Q.     Is  air  a  good  conductob  ? 

A.  No  :  air  is  a  very  had  conductor ; 
and  is  heated  (like  water)  by  convection. 

Q.     How  is  a  room  warmed  ly  a  stove  ? 

A.  The  air  nearest  the  fire  is  made 
hot  firsts  and  rises ;  cold  air  then  descends, 
is  heated,  and  ascends  in  like  manner; 
and  this  interchange  goes  on,  till  all  the 
air  of  the  room  is  warmed. 

Q.   Why  are  fires  placedonthe'ejjOO'B  of  a  room  ? 

A.  Because  heated  air  always  ascends. 
If,  therefore,  the  fire  were  not  near  the 
floor,  the  air  of  the  loiver  part  of  the  room 
would  never  be  heated  by  the  fire  at  all. 

Q.  If  you  take  a  poker  out  of  afire,  and  liold 
the  hot  end  downwards,  why  is  your  hand 
scorched  with  heat  ? 

A.  Because  the  hot  end  of  the  poker 
"keais  the  air  around  it ;  and  this  hot  air 
(in  its  ascent)  scorches  our  hand. 

Q.  Sow  should  a  eed-hox  polcer  he  carried, 
so  as  not  to  hum  our  fingers  ? 

A.  With  the  hot  end  upivards ;  for 
then  the  air  (heated  by  the  poker)  would 
not  pass  over  cm"  hand  and  scorch  it. 
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CHAPTER  XVII. 

Q.     Of  wliat  is  atmospheric  aie  composed? 

A.  Principally  of  two  gases,  oxjigeii 
and  nitrogen;  mixed  together  in  the 
following  proportion :  viz.  one  gallon  of 
oxygen,  to  four  of  nitrogen. 

It  must  not  be  forgotten  that  the  air  contains  small  quantities  of 
other  gaseous  substances  also,  as  vapoui-  of  water,  carbonic  acia 
and  ammonia. 

Q.     What  do  you  mean  hy  a  gas  ? 

A.  A  permanent  elastic  fluid,  resem- 
bling air. 

N.B  — MOST    GASES   ARE   INVISrBLE   AND   THANSPARENT,    LIKE  AIR. 

"  PERMANENT." — In  this  respect  gas  differs  from  vapour  -which 
is  not  permanent :  for  vapour  may  be  easily  condensed  by  cold  into 
a  liquid,  but  gas  does  not  change  its  gaseous  form  under  ordinary 
pressure. 

"  ELASTIC."— In  this  respect  gas  differs  from  a  liquid,  which  is 
almost  inelastic ;  whereas  gas  is  exceedingly  elastic. 

"RESEMBLING  AIR"  or  aeriform.— The  word  "Gas"  means 
air,  but  air  is  a  compound  of  two  gases.  Some  few  gases  are 
visible,  as  chlorine,  which  is  a  greenish  yellow. 
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Q.  What  is  the  difference  between  a  gas 
md  a  LIQUID  ? 

A.    Gases  are  elastic,  but  liquids  not. 

Q.  Illustrate  what  is  meant  hij  "  the  elas- 
ticity of  gas" 

A.  If  from  a  vessel  full  of  gas,  half 
were  taken  out — the  other  half  would 
immediately  spread  itself  out,  and  fill 
the  same  space,  as  was  occupied  by  the 
original  quantity. 

Q.     Prove  that  a  liquid  is  KOT  elastic. 

A.  If  from  a  gallon  of  water  you  take 
half,  the  remaining  4  pints  will  take  up 
only  half  the  room  that  the  whole  gallon 
previously  did :  a  liquid,  therefore,  is  not 
elastic,  like  gas. 

strictly  speakinsf,  a  liquid  is  slightly  elastic ;  inasmuch  as  it  may 
be  compressed,  and  will  afterwards  recover  its  former  dimensiou:<. 

Q  What  are  the  chief  uses  of  the  OXTGEIT 
of  the  air  ? 

A.  To  support  combustion,  and  sus- 
tain life. 

Q.  What  is  meant,  when  it  is  said,  that  the 
oxygen  of  the  air  "  supports  combustion  ?  " 

A.  It  means  this :  It  is  the  oxygen 
of  the  air,  which  makes  f  uel  hum. 

T  3 
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Q.     Soio  does  the  oxygen  of  the  air  make 

FUEL  BUEN? 

A.  The  fuel  is  decomposed  (by  heat) 
mto  hydrogen  and  carbon;  and  these 
elements,  combming  with  the  oxygen  of 
tlie  air,  produce  combustion. 

Q.  Wliat  GAS  is  produced  hy  the  comhina- 
tion  of  caroon  and  oxygen  ? 

A.  Carbonic  acid  gas.  {See  p.  38.) 
Q.     What  becomes  of  the  htdeogen  of  the 

I-TJEL? 

A.  The  hydrogen  of  the  fuel  combines 
with  the  oxygen  of  the  air,  and  forms 
WATERY  VAPOUR ;  but  the  combination 
is  attended  by  the  production  of  flame, 
owing  to  the  very  inflammable  nature  of 
hydrogen. 

It  must  be  remembered,  that  the  gas  of  burning  fuel  is  not  pure, 
but  carburetted  hycUogen.  ' 

Q.  What  becomes  of  the  niteogen  of  the 
air,  amidst  all  these  changes  and  combinatiofis  ? 

A.  The  nitrogen  escapes  unchanged 
to  be  again  mixed  with  oxygen,  and 
converted  into  common  air. 

Q.  VPJiat  is  meant,  v)hen  it  is  said,  that 
oxygen  "  sustains  life  ?  " 

A.  It  means  this  :  If  a  person  could 
not  inhale  oxygen,  he  would  die. 
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Q.  What  &00D  does  this  inspiration  of 
oxijijen  do  ? 

A.  1st — It  gives  vitality  to  the  blood ; 
and 

2ndly — Is  the  cause  of  animal  heat. 

Q.     How  is  food  converted  into  blood  ? 

A.  After  it  is  swallowed,  it  is  dissolved 
in  the  stomach  into  a  grey  indp,  called 
CHYME  ;  it  then  masses  into  the  intestines 
and  is  converted  hy  the  "hile"  into  a 
milky  substance,  called  chyle. 

Chjinc,/>ronoMncekjTne;  chyle,  pronounce  kyle;  eachat  one  syllable. 

Q.  What  BECOMES  of  the  milky  substance 
called  CHYLE? 

A,  It  is  absorbed  by  the  vessels 
called  "  lacteals,''  and  poured  into  the 
veins  on  the  left  side  of  the  neck. 

"  Lacteals,"  pronounce  lac-tc-als. 

Q.  Wliat  becomes  of  the  chyle,  after  it  is 
poured  into  the  veins  ? 

A.  It  mingles  with  the  blood,  and  is 
itself  converted  into  blood  also. 

Q.     How  does  the  oxygen  we  inhale,  mingle 

icith  the  blood  ? 

A.  The  oxygen  of  the  air  mingles 
with  the  blood  in  the  lungs,  and  converts 
it  into  a  brigliX  red  colour 
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Q.  What  colour  is  the  Hood  befoee  it  is 
oxidized  in  the  lungs  ? 

A.    A  dark  purple.  The  oxygen  tui'ns 

it  to  a  bright  red. 

Oxidized,  i.e.,  impregnated  ■with  oxygen, 

Q.  IVhi/  are  persons  so  pale,  who  live  in 
rooms  and  cities? 

A.  Because  the  air  in  close  rooms 
and  cities  is  not  fresh;  and  being  de- 
ficient in  oxygen,  cannot  tui'n  the  blood 
to  a  beautiful  bright  red. 

Q.  Why  are  persons  who  live  in  the  open 
air  and  in  the  country,  of  a  etjddt  complexion  ? 

A.  Because  they  inhale  fresh  air, 
which  has  its  full  proportion  of  oxygen  : 
and  the  blood  derives  its  bright  red 
colour  from  the  oxygen  of  the  air  inhaled. 

Q.  Wliy  is  not  the  air  in  cities  so  eeesh, 
as  that  in  the  countet  ? 

A.  Because  it  is  impregnated  with 
the  breath  of  its  numerous  inhabitants, 
the  odour  of  its  sewers,  the  smoke  of  its 
fires,  and  many  other  impurities. 

Q.  Mow  does  oxygen  convert  the  colour  of 
hlood  into  a  bright  eed  ? 

A.    The  colouring  matter  of  the  blood 
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is  formed  of  very  minute  globules,  tioating 
in  it ;  the  oxygen  (uniting  with  the  coats 
of  these  globules)  makes  them  milky — 
and  the  dark  colouring  matter  of  the 
blood  (seen  through  this  milhy  coat) 
appears  of  a  bright  red. 

Exp. :  If  you  put  some  dark  venous  Dlood  into  a  milky  f,'lass, 
and  hold  it  up  towards  the  light,  it  vnil  appear  ot  il  bright  Jiorid 
colour,  like  arterial  blood. 

Q.  How  does  the  combination  of  oxygen 
with  the  blood  produce  animal  heat  ? 

A.  The  principal  element  of  the  blood 
is  carbon;  and  tliis  carbon  (combining 
with  the  oxygen  of  air  inhaled)  produces 
carbonic  acid  gas,  in  the  same  way  as 
burning  fuel.    {Seep.  39.) 

Q.  What  becomes  of  the  nitrogen  of  the 
air  after  the  oxygen  enters  the  blood  ? 

A.  It  is  thrown  out  from  the  lunofs 
unchanged,  by  the  act  of  breathing ;  to 
be  again  mixed  with  oxygen,  and  con- 
verted into  common  air. 

Q.  Why  does  the  vitiated  air  (after  the 
oxygen  has  been  absorbed)  come  out  of  the 
iiouTH,  and  not  sink  into  the  stomach  ? 

A.    Because  it  is  driven  out  by  the 
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contraction  of  the  walls  of  the  chest,  and 
there  is  no  vacant  space  in  the  cavity  of 
the  gullet  and  stomach  for  it  to  fall  into. 

N.B.— The  lungs  are  a  hoUoto  spongy  mass,  capable  of  holding 
ail',  and  of  being  dilated.  They  are  so  situated  in  the  thorax  (or 
chest),  that  the  air  m^lst  enter  into  them,  whenever  the  ca\-ities  of 
the  thorax  are  enlarged.  The  process  of  breathing  is  performed 
thus :  'WTien  we  inhale,  the  thorax  (or  chest)  is  expanded ;  in 
consequence  of  which,  a  vacuum  is  formed  round  the  lungs,  and 
heavy  external  air  instantly  enters  (through  the  mouth  and  throat) 
to  supply  this  vacuum. 

YvTien  we  exhale,  the  thorax  contracts  again ;  in  consequence  of 
which,  it  can  no  longer  contain  the  sa7ne  quantity  of  air,  as  it  did 
before ;  and  some  of  it  is  necessarily  expelled.  MTicn  this  expulsion 
of  air  takes  place,  the  muscular  fibres,  which  form  the  floor  of  the 
chest,  contract,  in  order  to  assist  the  process. 

Q.  If  (loth  in  comiustion  and.  respiration) 
the  OXYGEN  of  the  air  is  consitmed,  and  the 
NiTEOGEjr  EEJECTED — Wliy  are  not  the  Pno- 
POETiONS  of  the  air  desteoted  ? 

A.  Because  the  under  surface  of  vege- 
table leaves  (during  the  day)  gives  out  oxij- 
gen ;  and  thus  restores  to  the  air  the  vei7 
element  of  which  it  has  been  deprived. 

Q.  Whence  do  leaves  obtain  the  oxygen, 
which  they  exhale? 

A.  From  the  carbonic  acid,  absorbed 
by  the  roots  from  the  soil,  and  cai-ried  to 
the  leaves  by  the  rising  sap. 

N.B.— Carbonic  acid  (it  must  be  remembered)  is  a  compound  of 
carbon  and  oxygen. 
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Q.  How  do  plants  contrive  to  absorb  car- 
Ionic  acid  from  the  soil  ? 

A.  It  rises  (by  capillary  attraction) 
through  the  small  fibrous  roots,  after  it 
has  been  dissolved  in  the  soil  by  water. 

Q.    Wlience  does  the  soil  obtain  carbonic  acid? 

A.  1st — From  the  air ;  from  which 
it  is  driven  by  fahing  showers  : 

2ndly — From  the  decomposition  of 
vegetable  and  animal  matters,  which 
always  produces  this  gas  in  abundance : 
and 

3rdly — All  lime-stone,  chalk,  and  cal- 
careous stones,  contain  vast  quantities 
of  carbonic  acid  in  a  solid  state,  and  the 
presence  of  any  acid  sets  it  free. 

Calcareous,  i.e.  of  a  limy  nature. 

Q.  If  leaves  throto  off  the  oxygen  of  the 
carbonic  acid,  tohat  becomes  of  the  carbon  ? 

A.  It  is  retained  to  give  firinness  and 
solidity  to  the  plant  itself. 

Q.  Show  how  God  has  made  animaIi  life 
dependent  on  that  of  VEaETABLES. 

A.  Animals  require  oxygen  to  keep 
them  alive,  and  draio  it  from  the  air  by 
inspiration :  The  under  surface  of  leaves 
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gives  out  oxtjgen ;  and  thus  supplies  the; 
air  with  the  very  gas  requured  for  the  uses 
of  animals. 

Q.  SJioio  Jiow  God  has  made  tegetablb: 
life  dependent  on  that  of  animals. 

A.  Plants  require  rarhonic  acid,  which i 
is  their  principal  food;  and  all  animals; 
exhale  this  gas  from  their  lungs.  Thus; 
animals  supply  plants  with  carbonic  acid,, 
and  plants  supply  animals  with  oxijgen. 

Q.     Soiv  is  air  heated  ? 

A.    By  "  convective  currents." 

Q.     Explain  what  is  meant  hy  "  cojrvECTrrBj 

OUBRENTS." 

A.  When  a  portion  of  air  is  heated,, 
it  rises  upwards  in  a  current,  caiiyingj 
heat  with  it:  other  colder  air  succeeds,, 
and  (being  heated  in  a  similar  way)) 
ascends  also  :  and  these  are  called  "  con- 
vective currents." 

"Convective  currents" — so  called  from  the  Latin  vrords,  enmvpc--- 
tus  (carried  with) ;  because  the  heat  is  "  carried  with"  tlie  current.: 

Q.     Is  air  heated  hy  the  rays  of  the  SUK  ? 

A.  No ;  air  is  not  heated  (in  anyr 
sensible  degree)  by  the  action  of  the: 
Sims  rays  passing  through  it. 
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Q.  Why  is  tlie  air  hotter  on  a  suyuT 
day^  than  on  a  cloudy  one  ? 

A.  Because  the  sun  heats  the  sur- 
face of  the  earth,  and  the  air  (resting  on 
the  earth)  is  heated  hij  contact :  as  soon 
as  it  is  heated  it  ascends,  and  its  place  is 
supphed  by  colder  portions,  which  are 
heated  in  turn  also. 

Q.  If  air  he  a  bad  conductor,  ichy  does  hot 
iron  become  cold,  by  ea;posure  to  the  aie  ? 

A.  Because  it  is  made  cold;  1st 
■ — By  "convection;"  and  Sndly  —  By 
"  radiation." 

Q.     Hoio  is  hot  ironmade  cold  by  CO'SYECTWS? 

A.  The  air  resting  on  the  hot  u'on 
(being  intensely  heated)  rapidly  ascends 
with  the  heat  it  has  absorbed;  colder  air 
succeeding  ahsorhs  more  heat,  and  as- 
cends also ;  and  this  process  is  repeated, 
till  the  hot  iron  is  completely  cooled  down. 

Q.     Row  is  hot  iron  cooled  by  eadiation  ? 

A,  While  its  heat  is  being  cai'ried 
off  by  "  convection,"  the  hot  iron 
throws  off  heat  (on  all  sides)  hy  radiation 
also. 
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Q.     What  is  meant  hy  eadiatiojt  ? 

A.  The  throwing  off  of  heat  (in  all 
directions)  from  the  surface  of  a  hot  body. 

Radiation. — It  was  once  thought  that  heat  was  emitted  from  hot 
bodies  in  the  foim  of  i-ays. 

Q.  How  is  soup  COOLED  ly  heing  left  exposed 
to  the  AIR  ? 

A.  It  throws  off  some  heat  by  radia- 
tion; but  it  is  mainly  cooled  down  by 
convection. 

Q.     JECoio  is  hot  soup  cooled  down  hy  CON- 

TECTION  ? 

A.  The  air  resting  on  the  hot  soup 
(being  heated)  ascends;  colder  air  suc- 
ceeding absorbs  more  heat;  and  ascends 
also;  and  this  process  is  repeated,  till 
the  soup  is  made  cool. 

The  particles  on  the  surface  of  the  broth  sink  as  they  are  cooled 
down,  and  warmer  particles  rise  to  the  surface;  which  greatly 
assists  the  cooling  process. 

Q.  Why  are  hot  tea  and  soups  cooled  tlie 
faster  for  being  stirred  about  ? 

A.  1st — Because  agitation  assists 
in  bringing  the  hottest  particles  to  the 
surface  : 

2ndly — ^The  action  of  stu-ring  agitates 
the  air,  and  brings  it  more  quickly  to  the 
soup  or  tea :  and 
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3rdly — As  the  hotter  particles  are 
more  rapidly  brought  into  contact  with 
the  air,  convection  is  more  rapid. 

Blowing  tea  or  broth  coola  it  also.    (See  p.  186.) 

Q.  If  a  shutter  he  closed  in  the  day-time^ 
the  stream  of  light  (piercing  through  the  crevice) 
seems  in  CONSTANT  agitation.    Why  is  this  ? 

A.  Because  little  motes  and  particles 
of  dust  (thrown  into  agitation  by  the 
convective  currents  of  the  air)  are  made 
visible  by  the  strong  beam  of  light, 
thrown  into  the  room  through  the  crevice 
of  the  shutter. 

Q.     Whg  can  we  not  see  the  air  ? 

A.  Because  it  is  perfectly  transparent, 
i.  e.  permits  all  the  rays  of  light  to  pass 
through  it  without  reflecting  any. 

Q.     Tiliy  does  water  bise  in  a  covunon pump  ? 

A.  Because  the  pressure  of  the  air 
is  removed  from  the  water  in  the  pipe  of 
the  pump  by  the  action  of  the  sucker ; 
but  not  from  the  water  in  the  well. 

Take  a  tube  (shaped  hke  a  U)  partially  filled  -with  water,  and  let 
an  equal  weight  be  fitted  to  each  orifice  :  so  long  as  the  weights  are 
undisturbed,  the  water  will  remain  at  the  same  level  on  both  sides 
of  the  tube :  but  if  one  weight  be  removed,  its  place  will  be 
instantly  occupied  with  an  equal  weight  of  water.  So  in  a  pump, 
the  air  may  be  compared  to  these  two  weights ;  as  the  action  of  the 
sucker  removes  one,  water  rushes  into  the  pipe  to  countcrbalano* 
the  weight  of  air  pressing  on  the  water  in  the  well.         z  2 
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Q.  How  liiglt  can  atmospheric  puesstiee 
make  loater  rise  in  a  pipe  of  a  pwnp  ? 

A.  About  30  feet  above  the  level  of 
the  water  in  the  well. 

It  -would  be  nearly  34  feet  if  the  pump  -were  of  perfect  constmc- 
tion.  Because  a  column  of  water  34  feet  high,  wdi^hs  the  same  as  an 
equal-size  column  of  air,  reaching  to  the  top  of  the  atmosphere. 
K.B. — The  atmospheric  pressure  is  15  pounds  on  each  square  inch. 

Q.  How  is  vMter  pumped  j/rom  a  well  more 
than  30  feet  deep  ? 

A.  The  piston-rod  is  made  to  extend 
within  30  feet  of  the  water  in  the  well; 
and  when  the  water  has  risen  thus  high, 
it  passes  through  a  valve  in  the  sucker, 
and  is  lijtecL  out  of  the  pump  by  the 
piston  box. 

The  water  is  lifted  from  deep  wells,  and  never  sucKed  up  beyond 
SO  feet. 

Q.  Whi/  does  a  syphon  empty  a  vessel  of 
its  liquid? 

A.  Because  one  side  of  the  bent 
tube  being  longer  than  the  other,  con- 
tains a  greater  weight  of  water,  and  the 
balance  is  destroyed. 

The  unequal  weight  of  water  in  the  two  tubes,  causes  the  ?vater  of 
the  longer  tube  to  fall  out  and  produce  a  vacuum.  In  a  common 
PUMP  the  vacuum  is  produced  by  the  mechanical  action  of  the  sucker. 

Q.  WTii/  is  it  often  difficult  and  painful  to 
Ireathe  on  a  mouiitain  top  ? 
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A.  Because  the  pressure  of  the  air 
on  a  mountain  top  is  not  so  great  as 
on  a  plain.  Consequently  the  fluids  in 
the  body  expand,  and  painfully  stretch 
the  membranes  which  contain  them. 

Q.  Why  do  we  often  feel  oppkessed  jmt 
previous  to  a  storm  ? 

A.  Because  the  air  is  greatly  rarefied ; 
and  the  removal  of  pressure  from  the 
surface  of  the  body,  causes  a  painful 
distension. 

Q.  JSoio  do  you,  know  that  the  density  of 
the  air  is  lowered,  previous  to  a  storm  ? 

A.  Because  the  mercury  of  a  barome- 
ter rapidly  falls. 

The  mercury  in  the  tube  of  the  barometer  is  held  up,  like  the 
water  iji  the  tube  of  the  pump,  by  the  pressure  of  the  atmosphere. 

Q.     TVhy  do  CORNS  ache  previously  to  eain  ? 

A.  Because  the  rai'efied  state  of  the 
air  causes  distension  in  the  tissues  of  the 
feet;  and  as  the  hard  corn  cannot  swell 
equally  with  the  softer  parts,  irritation 
is  produced  in  the  fibrils  of  the  nerves. 

Q.  Why  do  CELLARS  feel  wa  rm  in  winte  e  ? 
A.    Because  the  external  air  has  not 
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free  access  into  them ;  in  consequence  of 
which,  they  remain  almost  at  an  even 
temperature; — which  (in  winter  time)  is 
about  ten  degrees  luarmer  than  the 
external  air. 

Q.     JVJii/  do  CELiAEs/feZ  cold  in  summee? 

A.  Because  the  external  air  has  not 
free  access  into  them  ;  in  consequence  of 
which,  they  remain  almost  at  an  even 
temperatm'e, — which  (in  summer  time)  is 
about  ten  degrees  colder  than  the  ex- 
ternal air. 

Q.     Will/  does  AIE  rust  inos  ? 

A.  Because  the  oxygen  of  the  air 
combines  with  the  surface  of  the  metal, 
and  produces  oxide  of  iron:  which  is 
generally  called  "  rust." 

An  oxide  of  iron,  copper,  &o.,  is  oxygen  in  combination  with 
iron,  copper,  &c. 

Q.  TVhi/  does  hot  iron  scale  and  peel  oJ/" 
when  struck  with  a  hammee  ? 

A.  Because  the  oxygen  of  the  air 
very  readily  unites  with  the  surface  of 
hot  iron,  and  forms  a  metallic  oxide  (or 
rust),  which  scales  off,  when  struck  with 
a  hammer. 
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Q.     Does  iron  etjst  in  det  air  ? 

A.    No;  iron  undergoes  no  change 

in  dry  air. 

Q.  Wliy  do  STOVES  and  tire-ieons  lecome 
EUSTT  in  rooms,  which  are  not  occupied  ? 

A.  Because  the  air  is  damp ;  and 
moist  air  oxidizes  iron  and  steel. 

Oxidizes,  i.e.  rusts. 

Q.     In  lohat  part  of  the  year  is  it  most  diffi- 
eult  to  keep  stoves  and  fiee-ieons  beiqut  ? 
A.    In  autumn  and  ivinter. 

Q.  Why  is  it  more  difficult  to  Jceep  stoves 
and  eiee-ieons  bright  in  autumn  and  winter, 
than  in  spring  and  suvimer  ? 

A.  Because  the  capacity  of  the  air 
for  holding  water  is  constantly  on  the 
decrease,  after  the  summer  is  over;  in 
consequence  of  which,  vapom'  is  deposited 
on  everything  with  which  the  air  comes 
in  contact. 

Q.  Why  does  qeeasing  iron  prevent  its 
becoming  eustt  ? 

A.  Because  grease  prevents  the  hu- 
midity of  air  from  coming  in  contact 
with  the  surface  of  the  iron, 

Q.  JVhy  do  not  stoves  rust,  so  frequently  as 
pokees  and  tongs  ? 


260 


AIR. 


A.  Because  stoves  are  generally  cov- 
ered with  plumbago,  or  black  lead. 

Q.     WTiat  is  plumbago  or  black  lead  ? 

.  A.    A  mixture  of  charcoal  and  iron. 

Plmnbago  (strictly  speaking)  is  a  chemical  imion  of  carbon  and 
iron) ,  in  the  follo-wing  proportions  :— 91  parts  carbon  and  9  iron.  But 
the  BLACK  LEAD  sold  in  shops  is  a  mixture  of  charcoal  and  iron  filings. 

N.B. — A  most  excellent  varnish  to  pi  event  mst  is  made  of  1  pint 
of  fat  oil  varnish,  mixed  with  5  pints  of  highly  rectified  spirits  of 
turpentine,  rubbed  on  the  iron  or  steel  ^vith  a  piece  of  sponge.  This 
varnish  may  be  applied  to  bright  stoves,  and  even  mathematical 
instruments,  without  injuring  their  delicate  polish. 

Q.  W  hy  does  ornamental  steel  (of  a  purple 
or  LILAC  colour)  rust  more  readily,  than  polislied 
WHITE  steel  ? 

A.  Because  the  lilac  tinge  is  produced 
l3y  partial  oxidation;  and  the  process 
which  forms  rust  has  ah-eady  commenced. 

Q.     Sow  can  lilac  steel  he  kept  eeee  from 

RUST  ? 

A.    By  keeping  it  in  a  dry  place. 

Q.  Jf  DRY  AiE  contains  oxygen,  why  does 
it  NOT  BUST  lEON,  as  Well  as  moist  air  ? 

A.  Because  moisture  is  necessai-y  to 
bring  into  action  the  affinity  of  oxygen 
for  steel. 

Water  is  decomposed  by  contact  with  iron ;  but  it  is  chiefly  the 
oxygen  of  water  which  ruBts  iron.  Even  dry  air  oxidizes  iron  at  a 
high  temperature ;  thus  a  red-hot  poker  is  rusty,  when  it  cools. 

Q  Do  any  other  metals  (besides  iron)  com- 
bine rapidly  with  oxygen  ? 
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A.  Yes  ;  copper,  zinc,  lead,  mercury  ; 
and  even  silver  oxidizes  to  some  extent. 

Q.     Why  do  COPPEE  and  zinc  tarnish  ? 

A.  The  tarnish  of  copper  and  zinc 
is  caused  by  their  oxidation;  that  is, 
oxygen  from  the  moist  air  combines  with 
the  surface  of  the  metals,  and  (instead 
>f  rusting  them)  covers  them  with  a  dark 
tarnish. 

Q.  Why  does  lead  hecome  of  a  daukeb 
hue,  by  being  exposed  to  the  air  ? 

A.  Because  the  oxygen  of  the  moist 
air  combines  with  the  lead,  and  oxidizes 
its  surface;  which  instead  of  becoming 
rusty,  assumes  a  darker  hue. 

Q.  Why  does  lead  lose  its  hrirjhtness,  and 
hecome  dull,  by  being  exposed  to  the  air  ? 

A.  The  dullness  of  the  lead  is  caused 
by  the  presence  of  a  carbonate  of  the 
oxide:  When  the  oxide  is  formed,  it 
attracts  carbonic  acid  from  the  au',  and 
by  combining  with  it,  produces  a  carbon- 
ate, which  gives  the  dull  tint  to  old  lead. 
.  Q.     Why  is  it  difficult  to  keep  silver  bbiq-ht  ? 

A.  Because  the  vapour  of  the  air 
oxidizes  its  surface,  and  tarnishes  it. 
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The  tarnish  of  silver  forks  and  spoons,  is  often  due  to  the  sulphur 
and  sulphuretted  hydi-ogen  of  certain  foods  united  to  the  silver  by 
saliva,  according  to  a  regular  galvanic  process.  N.B. — Without 
saliva,  egg  spoons,  &c.,  will  not  tarnish  from  food,  because  the 
galvanic  influence  is  not  brought  into  action. 

Q  Why  do  silver  tea-pots  and  spoons 
ittrnisJi  more  guiclcly  than  silver  ore  or  bullion  ? 

A.  Because  alloy  of  some  haser  metal 
is  used,  to  make  them  more  hardi  and, 
lasting;  and  this  alloy  oxidizes  more 
quickly,  than  silver  itself. 

Q.  Why  does  Geeman  silver  turn  a  dingy 
yellow  in  a  fe  w  hours  ? 

A.  Because  German  silver  has  a  great 
affinity  for  oxygen  ;  and  shows  its  oxida- 
tion by  a  yellow  tarnish,  instead  of  rust. 

Q.  ^  quicksilver  (or  mercury)  will  tarnish 
like  copper  and  lead — tvhy  does  it  preserve  its 
Irilliancy  in  baeometees  ajid  theemometees  ? 

A.  Because  the  air  is  excluded ;  and 
no  moisture  can  come  in  contact  with  it, 
to  oxidize  (or  tarmsli)  it. 

Q.     Is  GOLD  affected  iy  the  atmosphere  ? 

A.    Not   readily;    gold    will  never 

combine   with   oxygen  of  itself,  (i.  e. 

without  aid). 

Q.  Which  of  the  metals  is  capable  of  resist- 
ing oxidation  altogether  ? 

A.    Plat'inum;    in   consequence  of 
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which,  the  graduated  arcs  of  delicate 
"  instruments  for  observation"  are  made 
of  plat'inum,  in  preference  to  other  metals. 

Before  plat'inum  was  known,  gold  was  used  for  this  purpose. 

Q.  Wh^  is  PLAT'IN  tJM  used  for  tlie  graduated 
arcs  of  delicate  matheiyiatical  instruments,  instead 
of  any  other  metal  ? 

A.  Because  it  will  never  oxidize ;  but 
retains  its  hriglit  surface  in  all  weathers, 
free  from  both  rust  and  tarnish. 

"Platinum,"  (a  white  metal,)  so  called  from  "plata,"  the  Spanish 
word  for  silver.  It  was  introduced  from  South  America  into  Eng- 
land by  Mr.  Wood.    (A.D.  1749.) 

Q.  For  what  other  scientifio  purpose  is 
plati'ntim  now  used? 

A.  For  the  construction  of  crucibles 
in  which  acids  are  to  be  employed ;  and 
for  the  formation  of  some  of  the  plates 
for  galvanic  batteries. 

Q.  Why  are  crucibles  {in  ivhich  acids  are 
employed)  made  of  plat'inum  ? 

A.    B  ecause  the  acid  would  act  upon 

other  metals,  or  upon  glass  ;  and  prevent 

the  experimenter's  success. 

Q.  Which  of  the  metals  have  the  greatest 
affinity  for  OXYGEN  ? 

A.  Those  called  potas'sium  and 
so'dium. 
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Potas'sium  and  so'dium  derire  their  names  from  pota.?h  and  soda. 
Potas'sa  is  the  oxide  of  potas'sium ;  and  soda  is  the  oxide  of  so'dium. 

Q.  How  is  tlie  affinity  of  potas'sium  and 
so'dium  for  oxygen  shewn  ? 

A.  They  decompose  ivater  immediately 
they  are  brought  into  contact  with  it. 

Q,.     WJiat  effect  has  potassium  on  water  ? 

A.  It  decomposes  it.  The  hydrogen 
being  set  free,  combines  with  the  oxygen 
of  the  air,  and  is  ignited  by  the  latent 
heat  liberated  from  the  potassium. 

N.B. — Water  is  composed  of  oxygen  and  hydrogen ;  Potassium 
separates  these  two  gases, 

Q.     What  effect  has  sodium  on  water  ? 

A.  It  does  not  produce  flame,  as 
potassium  does;  but  it  decomposes  water, 
and  undergoes  very  rapid  oxidation. 

Q.     Is  the  FUEE  of  KETTLES  an  oxide? 

A.  No ;  the  furr  (or  deposit  of 
boiling  water)  is  a  precipitate  of  lime 
and  mineral  salt,  separated  from  water 
by  the  process  of  boihng. 

Q.     Is  not  the  fuee  of  boiling  loater  often 

DANGBEOUS  ? 

A.  Yes  ;  especially  in  tubular  boilers, 
such  as  those  employed  in  railways. 
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Q,  Wh}/  is  FUEE  especially  troublesome  in 
EAILWAT  engines  ? 

A.  Because  it  is  a  had,  conductor  of 
heat :  in  consequence  of  which,  it  hinders 
the  process  of  evaporation ;  and  as  more 
fuel  is  required  to  produce  the  needful 
amount  of  steam,  a  great  waste  of  fuel' 
is  incurred. 

Q.  Will/  is  EUEE  especially  dangeeotjs  in 
EAiLWAY  engines  ? 

A.    Because  the  boilers  are  likely  to 

become  over-heated,  when  furr  is  deposited 

in  them,  as  the  water  is  no  longer  in 

immediate  contact  with  the  metal  itself : 

When  this  is  the  case,  explosion  may 

occur  from  the  sudden  generation  of 

highly  elastic  steam. 

Q.  Why  are  eailwat  engines  never  fed  with 
BEACKISH  ivater  ? 

A.  Because  hrachish  water  contains 
much  mineral  matter;  which  causes  a 
large  deposit  of  furr. 

Furr  may  be  removed  from  kettles  by  boilmg  in  them  a  little  sal- 
ammoniac  [hydrochlorate  of  ammonia).  The  hydrochloric  acid 
unites  with  the  lime  of  the  furr,  and  the  carbonic  goes  to  the 
ammonia.  Both  of  these  new  compounds  dissolve,  and  wash  away 
most  easily. 
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CARBONIC   ACID  GAS. 


Q.     WTiat  is  CAEBONIO  acid  gas  ? 
A.    A  gas  formed  by  the  union  of 
carhoii  and  oxygen :   It  used  to  be  called 

"  FIXED  AIR." 

3  lbs.  of  carbon  and  8  lbs.  of  oxygen  TviU  form  11  lbs.  of  carbonic 
acid.  It  may  be  obtained  and  collected  in  the  usual  -way,  by 
pouring  a  mixture  of  one  part  of  muriatic  acid,  and  10  of  water,  on 
pounded  majrble  contained  m  a  retort. 

Q.  Under  tohat  circumstance  does  caebon 
most  readily  unite  with  oxygen  ? 

A.  1st — When  its  temperature  is 
raised :  Thus  if  carbon  be  red  hot,  oxygen 
will  most  readily  unite  with  it :  and 

2ndly — "When  it  forms  part  of  the 
fluid  Uood. 

Q.  Why  do  oxygen  and  carbon  so  readily 
unite  in  the  blood  ? 

A.  Because  the  atoms  of  carbon  are 
so  loosely  attracted  by  the  other  materials 
of  the  blood,  that  they  unite  very  readily 
with  the  oxygen  of  the  air  inhaled. 

Q.     Is  carlonic  acid  wholesome  ? 
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A.  No ;  it  is  fatal  to  animal  life ; 
and  (whenever  inhaled)  acts  hke  a  nar- 
cotic poison,  producing  drowsiness,  which 
sometimes  ends  in  death. 

Q.  How  can  any  one  know,  if  a  place  he 
infested  with  caebonic  acid  gas  ? 

A.  If  a  pit  or  weh  contain  carbonic 
acid,  a  candle  (let  down  into  it)  will  be 
instanthj  extinguished.  The  rule,  there- 
fore, is  this — Where  a  candle  will  hum, 
a  man  can  live ;  but  what  will  extinguish 
a  candle,  will  also  destroy  life. 

Q.  Why  does  a  mikeb,  lower  a  candle  to 
the  bottom  of  a  mine,  before  he  descends  ? 

A.  Because  a  candle  will  be  extin- 
guished, if  the  mine  contain  carbonic 
acid  gas :  but  if  the  candle  be  not  extin- 
guished, a  man  may  fearlessly  descend. 

Q.  Why  do  well-sinkers  often  let  down  buckets 
of  fresh-slacked  IjUJLE  in  wells,  before  they  descend? 

A.  Because  if  carbonic  acid  be  pre- 
sent, the  lime  will  absorb  it  to  form 
carbonate  of  lime. 

Q.     Why  does  a  crowded  boom  produce 

HEAD-ACHE  P 

A.  Because  its  air  is  vitiated  by  the 
action  of  many  human  luiigs.       a  a  2 
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Q.     Why  is  the  air  of  a  room  yitiated  hj  a 

CROWD  ? 

A.  Because  it  is  deprived  of  its  due 
proportion  of  oxygen,  and  laden  with 
carbonic  acid. 

Q.    JLowistheair  of  aroomvitiatedhyacroiod? 

A.  The  elements  of  the  air  inhaled  are 
separated  in  the  lungs :  A  part  of  the 
oxygen  is  converted  in  the  blood  into 
carbonic  acid :  and  then  thrown  back 
again  with  the  breath  into  the  room. 

Q.  Why  are  sailors  occasionally  hilled  when 
sent  to  examine  the  well  of  a  ship  ? 

A.  Because  it  contains  carbonic  acid, 
probably  given  off  from  some  part  of  the 
cargo,  in  consequence  of  its  fermentation. 
This  gas  remains  in  the  lowest  hollows 
of  the  hull,  in  consequence  of  its  great 
weight. 

Cargoes  of  rice  and  coffee  sometimes  get  damp  from  leakage,  and 
then  ferment  and  throw  olf  vast  quantities  of  carbonic  acid.  March 
1,  1817,  four  men  were  killed  in  the  trading  ship,  Grab  Hawoody,  in 
its  voyage  from  Calcutta,  in  consequence  of  being  sent  to  examine 
the  well  containing  carbonic  acid,  given  off  from  some  damp  rice. 

Q.  Mention  the  historical  circumstances,  so 
well  Jcnoion  in  connection  with  the  "Black 
Hole"  of  Calcutta. 

A.    In  the  reign  of  George  II.,  the 
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Raja  (or  Prince)  of  Bengal  marched  sud- 
denly to  Calcutta,  to  drive  the  English 
from  the  country;  as  the  attack  was 
unexpected,  the  English  were  obhged 
to  submit,  and  146  persons  were  taken 
prisoners. 

The  Sur  Raja,  at  Dowlat ;  a  young  man  of  violent  passionK,  who 
had  but  just  succeeded  to  the  throne.    A.D.  1750. 

Q.     What  became  oftliese  prisoners  ? 

A.  They  were  driven  into  a  place 
about  18  feet  square,  and  15  or  16  feet 
in  height,  with  only  two  small  gi-ated 
windows.  123  died  in  one  night;  and 
(of  the  23  who  survived)  the  larger  por- 
tion died  of  putrid  fevers  after  they  were 
liberated. 

Q.  Wlui  were  123  persons  sufpocated  in 
a  few  Jiours,  from  confinement  in  this  close  hot 
TRiso'S-hole  ? 

A.  Because  the  oxygen  of  the  air  was 
soon  consumed  by  so  many  lungs,  and  its 
place  supplied  by  carhonic  acid,  exhaled 
with  the  hot  breath. 

Q.  Vf^iy  did  the  captives  in  the  Black 
Hole  die  sleeping? 

A.    1st — Because  the  absence  of  oxy- 

A  a  3 
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gen  quickly  affects  the  vital  functions, 
d€presses  the  nervous  energies,  and 
produces  great  lassitude  :  and 

2ndly — Carbonic  acid  (being  a  narcotic 
poison)  produces  drowsiness  in  those  who 
inhale  it,  before  it  kills  them. 

The  floor  of  the  Grotto  del  Cane,  in  Italy  (i.e.  Cavern  of  Dogs)  is 
airways  laden  Tvith  carbonic  acid.  It  is  a  common  practice  with  the 
guides  Viho  shew  it,  to  drive  dogs  in,  and  cause  them  to  siiifer  a 
temporary  death.  A  man  may  safely  enter  the  cavern,  because  his 
mouth  reaches  far  above  the  noxious  gas,  which,  being  nearly  twice 
as  heavy  as  air,  settles  on  the  bottom  of  the  cave. 

The  Lake  Averno,  which  Yh-gil  supposed  to  be  the  entrance  to  the 
infernal  regions,  gives  out  so  much  of  this  gas,  that  birds,  flying  over 
it,  are  suffocated.  Lake  Averno  means,  the  lake  destructive  to  bij-ds. 

Q.  WJ/1/  are  the  jvsGtTuES  of  Java  and  Sin- 
dostan  so  fatal  to  life  ? 

A.    Because  vast  quantities  of  carhonic 

acid  are  thrown  off  by  decaying  vegetables 

in  these  jungles ;  and  (as  the  wind  cannot 

penetrate  the  thick  brushwood,  to  blow 

the  pernicious  gas  away)  it  settles  there 

and  destroys  animal  life. 

The  Valley  of  Death,  in  Java,  is  covered  with  the  skeletons  of 
b"rds,  beasts,  and  human  beings,  which  have  been  suffocated  by  the 
carbomc  acid  gas  which  aboimds  in  the  fatal  vaUey. 

Q.  W7?i/  do  persons  in  a  croivded  chfech 
feel  DEOWSY  ? 

A.  1st — Because  a  large  portion  of 
the  oxygen  of  the  an-,  which  alone  can 
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sustain  healthy  action,  has  heen  consu- 
med  by  the  lungs  of  the  congregation ; 
and 

2ndly — The  air  of  the  chui'ch  is  im- 
pregnated with  carbonic  acid  gas,  which 
(being  a  strong  narcotic)  produces  drow- 
siness in  those  who  inhale  it. 

Q.  Wliy  do  persons,  wlio  are  much  in  the 
OPEN  AIE,  enjoy  the  best  health  ? 

A.  Because  the  air  they  inhale  is 
muc]i  more,  pure. 

Q.  Why  is  COUNTRY  air  more  pure,  than 
the  air  in  cities  ? 

A.  1st — Because  there  are  fewer 
inhabitants  to  vitiate  the  air : 

2ndly — There  are  more  trees  to  restore 
the  pure  character  of  the  vitiated  air  :  and 

3rdly — The  free  circulation  of  air 
prevents  the  accumulation  of  vitiated 
products. 

For  the  same  reason,  runninp  streams  are  pure  and  ■wholesome, 
■while  stagnant  ■waters  are  the  contrary. 

Q.  TVhy  does  the  scantiness  of  a  country 
population  render  the  coiintbt  aih  more  pure  ? 

A.  Because  the  fewer  the  inhabitants, 
the  Zess  carbonic  acid  will  be  thrown  into 
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the  atmosphere;  and  thus  country  people 
inhale  pure  air,  instead  of  air  impregna- 
ted with  carbonic  acid  gas. 

Q.  Wliy  do  trees  and  flowers  help  to  make 
country  air  wholesome  ? 

A.  1st — Because  they  ahsorh  the  car- 
bonic acid  generated  by  the  lungs  of 
animals,  putrid  substances,  and  other 
noxious  exhalations :  and 

2ndly — Trees  and  flowers  restore  to 
the  air  the  oxijgen,  contained  in  the 
cai'bonic  acid,  which  they  absorb. 

Q.  Will/  is  the  air  of  cities  less  wholesom$ 
than  COUNTBT  air  ? 

A.  1st — Because  there  are  more 
inhabitants  to  vitiate  the  air : 

2ndly — The  sewers,  drains,  bins,  and 
filth  of  a  citij,  very  greatly  vitiate  the  an : 

3rdly — The  streets  and  alleys  prevent 
a  free  circulation ;  and 

4thly — There  are  fewer  trees  to  absorb 
the  excess  of  carbonic  acid  gas,  and 
restore  oxygen. 

Q.  Why  are  persons,  w7io  live  in  close  rooms 
and  crowded  cities,  generally  sickly  ? 

A.    Because  the  air  they  breathe  is 
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not  pure ;  but  is  both  defective  in  oxygen, 
and  also  impregnated  with  carbonic  acid. 

Q.  Wliere  does  iJie  carhonic  acid  of  close 
rooms  and  cities  come  from  ? 

A.  From  the  lungs  of  the  inhabi- 
tants, the  sewers,  drains,  and  other  Uke 
places,  in  which  organic  substances  are 
undergoing  decomposition. 

Q.  Wliat  BECOMES  of  tlie  carbonic  acid  of 
crowded  cities  ? 

A.  Some  of  it  is  absorbed  by  vegeta- 
bles ;  and  the  rest  is  bloion  away  by  the 
idnd,  and  diffused  through  the  whole 
volume  of  the  air. 

Q.  Does  not  tMs  constant  dijpusion  of  car- 
tonic  acid  affect  the  pueitt  of  the  whole  air  ? 

A.  No :  because  it  is  wafted  by  the 
wind  from  place  to  place,  and  absorbed 
in  its  passage  by  the  vegetable  loorld. 

Q.       Wliat  is  CHOKE  DAMP  ? 

A.  Carbonic  acid  gas  accumulated  at 
the  bottom  of  wells  and  pits  :  which  ren- 
ders them  noxious,  and  often  fatal  to  life. 

Q.  Wliy  is  not  this  carbonic  acid  taken  HP 
ij/  the  air  ami  dieeused,  as  it  is  in  cities  P 
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A.  Because  it  cannot  rise  from  the 
wdl  or  pit,  in  consequence  of  being 
header  than  air;  and  no  wind  can  get 
to  it,  to  help  its  diffusion. 

474  lbs.  of  carbonic  acid  weigb  as  much  a?  100  lbs.  of  atmospberio  air. 

Q.  WJii/  are  persons  sometimes  killed,  hy 
leaning  over  beer  vats  ? 

A.  Because  vats  (where  beer  has  been 
made)  contain  large  quantities  of  car- 
honic  acid  gas,  produced  by  the  "  vinous 
fermentation"  of  the  beer;  and  when  a 
man  incautiously  leans  over  a  heer  vat, 
and  inhales  the  carbonic  acid,  he  is 
immediately  Icilled  thereby. 

Q.  Why  are  persons  often  killed,  ivJw 
enter  beee.  vats  to  clean  tliem  ? 

A.  Because  carbonic  acid  (being  hea- 
vier than  atmospheric  air)  often  rests  upon 
the  bottom  of  a  vat :  when,  therefore,  a 
person  enters  it,  and  stoops  to  clean  tlie 
bottom,  he  inhales  the  pernicious  gas, 
Avhich  hills  him. 

Q.  Why  are  persons  sometimes  Icilled  by 
having  a  chaecoal  eike  in  their  bed  rooms  I" 

A.  Because  the  carbon  of  burning 
charcoal  unites  with  the  oxygen  of  air, 
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and  forms  carhonic  acid  gas ;  which  is  a 

narcotic  poison, 

Q.     If  carbonic  acid  settles  at  tTie  bottom  of 
a  room,  ho  w  can  it  injure  a  person  LYrsa  vpori  a 
BED,  raised  considerably  above  the  floor  ? 

A.  All  gases  difuse  themselves  through 
each  other,  as  a  drop  of  ink  would  diffuse 
itself  through  a  cup  of  water.  If,  there- 
fore, a  person  slept  for  6  or  8  hours  in 
a  room  containing  carbonic  acid,  quite 
enough  of  the  gas  will  be  diffused  through- 
out the  room  to  produce  death. 

The  heat  of  the  fire  assists  the  process  of  diffusion. 

Q.    What  are  the  chief  sources  of  caebonio 

ACID  ? 

A.    1st — The  breath  of  animals  : 
2ndly — The  decomposition  of  vegeta- 
ble and  animal  matter :  and 

3rdly — Lime-stone,  chalk,  and  all  cal- 
careous stones,  in  which  it  exists  in  a 
solid  form. 

Q.  From  tvhich  of  these  sources  is  carbonic 
acidmost  likely  to  accumulate  toanoxious  extent  / 

A.  From  the  fermentation  and  putre- 
faction of  decaying  vegetable  and  animal 
matters. 
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Q.  Hoio  can  this  accumulation  of  carbonic 
acid  he  peevented  ? 

A.  By  throAving  fresh- slahecl  lime  into 
places,  where  such  fermentation  and 
putrefaction  are  going  on. 

Q.  IToto  loill  PEE SH-c LAKE D  LIME  prevent 
the  accumulation  of  carhonic  acid? 

A.  By  absorbing  it ;  and  producing  a 
combination  called  "  carbonate  of  Hme." 

When  Erne  is  slaked,  all  its  carbonic  acid  is  driven  off  by  the 
heat ;  therefore,  it  is  free  to  combine  with  more. 

Q.  Does  not  heavy  rain  prevent  the  accumu- 
lation of  carhonic  acid,  as  well  as  quick-lime  ? 

A.  Yes ;  an  abundant  supply  of  water 
will  prevent  the  accumulation  of  carbonic 
acid,  by  dissolving  it. 

N.B. — Eed  heat  (as  a  pan  of  red-hot  coals,  or  a  piece  of  red-hot 
iron)  wU  also  soon  disperse  the  carbonic  acid  gas  accumulated  in  a 
pit  or  weU. 

Q.  What  effect  has  carhonic  acid  on  the 
WATEE,  in  which  it  is  dissolved? 

A.  It  renders  it  shghtly  acid  to  the 
taste. 

Q.  Can  the  CKVA-OiHY  of  water  for  dissolving 
carhonic  acid  he  increased  ? 

A.  Yes.  Carbonic  acid  may  be  forced 
into  water  by  pressure  to  a  considerable 
extent. 
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Q.  To  what  practical  use  s  lias  this  capacity  of 
water  (for  dissolving  carhonic acid)  been  applied? 

A.    Effervescing  draughts  are  made 

upon  this  principle. 

Q.  Explain  the  cause  o/'efpeevescence  in 
these  beverages. 

A.  The  carbonic  acid  of  the  beverage 
(imprisoned  by  the  cork)  is  forced  into 
the  Hquor  by  pressure,  and  absorbed  by 
it;  but  when  the  cork  is  removed,  the 
carbonic  acid  flies  off  in  bubbles  or 
effervescence. 

Q.  Whg  does  aeeated  ivater  effervesce  when 
the  COEK  is  removed  ? 

A.  While  the  bottle  remains  corlced^ 
the  carbonic  acid  is  forced  into  the  water 
by  pressure,  and  absorbed  by  it :  but 
when  the  cork  is  removed,  it  flies  ofi"  in 
effervescence. 

Q.     Whg  does  soda  "water  effervesce  ? 

A.  Because  it  contains  8  times  its 
own  bulk  of  carbonic  acid  gas,  which  has 
been  forced  into  it  by  pressui'e;  which 
makes  its  escape  in  effervescence,  as  soon 
as  the  cor]i  is  removed. 

Q.  Whg  does  ginger  vov  fly  about  in  froth 
when  the  string  of  the  cork  is  cut  ?  b  a 
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A.  Because  it  contains  carbonic  acid 
gas.  While  the  cork  is  fast,  the  carbonic 
acid  is  forced  into  the  Hquor ;  but  when 
the  pressure  is  removed,  the  gas  is  given 
off  in  effervescence. 

N.B. — All  vinous  fermentation  ijroduces  carbonic  acid. 

Q.     Will/  does  BOTTLED  ALE  froth  more  titan 
DRAUGHT  ale  ? 

A.  Because  the  pressure  is  greater 
in  a  hottle,  than  in  a  tub  which  is 
continually  tapped ;  and  the  amount  of 
effervescence  is  always  in  proportion  to 
the  pressure  to  which  the  liquid  has  been  ^ 
subjected. 

Q.     What  produces  the  feoth  of  bottled 
porter  ? 

A.  Carbonic  acid,  generated  by  the 
vinous  fermentation  of  the  porter :  This 
gas  is  absorbed  by  the  liquor,  so  long  as 
the  bottle  is  well  corked;  but  is  given 
off  in  froth,  when  the  pressure  of  the 
cork  is  removed. 

Q.     Wliat  gives  the  pleasant  acid  taste  to 
soda  water,  ginger  leer,  champagne,  and  cider  ? 

A.  The  presence  of  carbonic  acid, 
generated  by  fermentation ;  and  hberated 
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by  effervescence,  when  the  pressui'e  of 

the  cork  is  removed. 

Q.  Why  does  fresh  SPEIKG  watee  spaekle, 
when  poured  from  one  vessel  to  another? 

A.  Because  fresh  spring  and  pump 
water  contain  carbonic  acid :  and  the 
presence  of  this  gas  makes  the  water 
sparkle. 

Much  of  the  froth  and  huhhling  of  ale,  beer,  ■water,  &c.,  -when 
they  are  "poured  high,"  is  due  to  common  air  imprisoned  by  the 
action  of  di-opping-  water. 

Q.  IVhat  is  the  teementation  of  beee 
and  WINE  ? 

A.  The  escape  of  cai'honic  acid, 
produced  by  the  change  of  sugar  into 
alcohol. 

Q.     What  is  al'cohol? 

A.  The  spirit  of  beer  and  wine  ob- 
tained by  fermentation. 

Q.    Of -what  ELEMENTS  is  ALCOHOL  composed? 

A.    Of  carbon,  oxygen,  and  hydrogen. 

Of  Alcouol,  4  parts  are  carbon ;  2  oxygen ;  and  G  hydrogen. 

Q.     What  are  the  elements  of  grape  sugae? 

A.  Carbon,  oxygen,  and  hydrogen, 
all  in  equal  proportions. 

Q.  What  CHANGES  does  sugae  undergo  ly 
feementation  ? 

A.    It  is  first  decomposed ;  and  then 
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its  elements  re-unite  in  different  propor- 
tions ;  producing  al'cohol,  carhonic  acid, 
and  water. 

Of  srGAn,  one  portion  is  alcohol ;  and  another  carbonic  acid :  as 
may  be  seen  by  the  following  table : — 

Carbon.   Oxytjen.  Hydro, 

Every  atom  of  anhydrous  sugar  contains        12       12  12 

Two  atoms  of  alcohol  contain  8         4  12 

Four  atoms  of  carbonic  acid  contain  4         8  0 

12       12  12 

N.B. — "Anhydrous  sugar"  is  sugar  dried  at  300o. 

Q.  Sow  does  sugae  form  al'cohol  hi/ 
fermentation  ? 

A.  Tiuo-thirds  of  its  carbon  and  one- 
third  of  its  oxygen  re-unite  with  the 
hydrogen,  and  generate  al'cohol. 

Q.  S^ow  does  sugae  form  carbonic  acid  hy 
fermentation  ? 

A.  The  remaining  one-third  of  its 
carbon  and  tivo-thirds  of  its  oxygen 
re-unite,  and  generate  carhonic  acid 

Q.  What  BECOMES  of  the  al'cohol,  which  is 
thus  generated  ly  fermentation  ? 

A.  It  mixes  with  the  water,  and  forms 
the  intoxicating  part  of  beer  and  mne. 

Q.  What  is  the  most  common  reason  for  heer, 
wine,  and  other  fermented  liguors  turning  sour  / 
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A.  Air  gets  to  them,  and  its  oxygen 
acidifies  the  alcohol,  turning  it  into 
vinegar. 

Sugar  passes  at  once  into  Tinej^ar,  when  it  is  fermented  in  the 
open  air. 

Q.       Why  is  BAULET  MALTED  ? 

A.  Because  germination  is  produced 
by  the  artificial  heat;  and  in  germina- 
tion, the  starch  of  the  grain  is  converted 
into  sugar. 

Q.     HoAV  is  harley  malted  ? 

A.  It  is  moistened  loith  water,  and 
heaped  up ;  by  v/hich  means,  great  heat  is 
produced,  which  makes  the  harley  sprout. 

See  "spontaneous  combustion,"  js.  57. 

Q.  Why  is  not  the  harley  suffered  to  GECW 
as  ivell  as  spuout  'i 

A.  Because  plants  in  the  germ  con- 
tain more  sugar  than  in  any  other  state ; 
as  soon  as  the  germ  puts  forth  shoots, 
the  sugar  of  the  plant  is  consumed  to 
support  the  shoot. 

Q.     Sow  is  harley  prevettted  from  shoot- 
ing, in  the  process  of  malting  ? 

A.  It  is  put  into  a  hiln,  as  soon  as  it 
sprouts ;  and  the  heat  of  the  kiln  checks 
or  destroys  the  young  shoot.  • 
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Q.     W7iat  is  TEAST  ? 

A.  The  foam  of  beer  (or  of  some 
similar  liquor)  produced  by  fermentation. 

Q.     W7iy  is  TEAST  used  in  bbewikg  ? 

A.  Because  it  consists  of  a  substance 
called  gluten,  undergoing  putrefaction ; 
in  which  state  it  possesses  the  peculiar 
property  of  exciting  fermentation. 

If  the  gluten  were  not  in  a  putrefying  state,  it  could  not  produce 
fermentation. 

Q.     What  is  gluten  ? 

A.  A  tough  elastic  substance,  com- 
posed of  carbon,  oxygen,  hydrogen,  and 
nitrogen. 

It  is  the  presence  of  nitrogen  ■which  gives  yeast  the  power  to 
excite  fermentation. 

Q.     Does  MALT  contain  gluten  ? 

A.    Yes.   The  infusion  of  malt,  called 

"  sweet-wort,"  contains  an  abundance  of 

glu'ten ;  and  the  yeast  (which  converts 

its  sugar  into  alcohol)  converts  this  gluten 

into  yeast. 

Q.  Wliy  is  TEAST  needful,  in  order  to  malte 
tlie  infusion  of  malt  into  beek? 

A.  Because  the  presence  of  a  putre- 
fying body  containing  nitrogen  is  essen- 
tial in  order  to  convert  sugar  into  alcohol. 
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Q.  W/iai  EITECT  has  yeast  upon  the  sweet- 
wort  ? 

A.  It  causes  the  sugar  of  the  wort 
to  be  converted  into  al'cohol  and  carbonic 
acid ;  and  its  gluten  into  yeast. 

Q.      Wliat  change  is  produced  in  gluten  hy 

PUTREFACTION? 

A.  Its  elements  are  loosened  from 
their  former  conditions  of  combination, 
and  re-arranged  (with  the  addition  of 
oxygen  from  the  air)  into  a  nczu  series. 

Q.  Wliat  is  the  difference  letween  eeemen- 
TATioN  and  putrefaction  f 

A.  Fermentation  is  a  change 
effected  in  the  elements  of  a  body  com- 
posed of  carbon,  oxygen,  and  hydrogen, 
ivithoiit  nitrogen.  Putrefaction  is  a 
change  effected  in  the  elements  of  a 
body  composed  of  cai'bon,  oxygen,  hy- 
drogen, and  nitrogen. 

Q.  What  NEW  COMPOUNDS  are  produced  by 
the  change  called  Jermetitation  ? 

A.  Alcohol  and  carbonic  acid. — The 
alcohol  is  still  further  changed  (unless 
the  process  be  checlied}  into  ace' tic  acid 
or  vinegar. 
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Q.  WJiat  neiv  compounds  are  pi'oduced  hj 
the  change  called  putrefaction  ? 

A.  The  carbon,  oxygen,  hydrogen, 
and  nitrogen,  of  the  origmal  substance 
(bemg  separated  by  decomposition)  .re- 
unite in  the  following  manner.  1.  Carbon 
and  oxygen  unite  to  form  carhonic  acid. 
2.  Oxygen  and  hydrogen  unite  to  form 
water.  3.  Hydrogen  and  nitrogen  unite 
to  form  ammonia. 

Sartshorn  is  a  solution  of  ammonia  in  -svater. 

N.B.— When  bodies  containing  sulphur  and  iihosphorous  putrefy, 
the  suJphur  and  phnsphnrm  unite  ^^•ith  hydrogen,  and  form  sul- 
phuretted  and  phosphuretted  hydrogen  gases. 

Q.  What  BECOME  of  these  several  products 
of  putrefaction  ? 

A.  They  are  all  elastic  bodies,  and 
escape  into  the  air. 

K.B. —  Water  in  the  condition  o{  vapour,  is  both  elastic  and  gaseous. 

Q.  W7iat  is  the  cause  of  the  oefensivf. 
SMELL  which  issues  from' putrefying  bodies? 

A.  The  evolution  of  ammonia,  or  of 
sulphuretted  and  phosphuretted  hydrogen 
gases;  all  of  which  have  pungent  and 
offensive  odours. 

Q.     Why  do  loiled  eggs  -discolotje  a 

SILVEE  spoon? 


FERMENTATION. 


285 


A.  Because  they  contain  a  small 
portion  of  sulphur,  which  unites  with  the 
silver,  and  tarnishes  it  as  soon  as  it  is 
moistened  with  sahva. 

Both  the  white  and  yolk  contain  sulphur— the  latter  more  ahnn- 
dantly.  The  tarnish  is  a  sulphuret  of  silver,  and  may  be  easily 
removed  by  rubbing  with  hartshorn  or  table  salt. 

Q  What  causes  the  offensive  smell  of  stale 
hard  boiled  eggs  ? 

A.  The  hydrogen  of  the  egg  com- 
bining with  its  sulphur  and  phosphorus, 
form  sulphuretted  and  phosphuretted  hij- 
drogen;  both  of  which  gases  have  an 
offensive  odour. 

Of  an  egg  55  parts  are  carbon,  IG  nitrogen,  7  hydrogen,  and  the 
remaining  22  are  oxygen,  phosphorus,  and  sulphur 

Q.  Whi/  is  it  NOT  needful  to  put  teast  into 
QTIA.VE  juice,  in  order  to  produce  fermentation  ? 

A.  Because  grape  juice  contains  a 
sufficient  quantity  of  a  nitrogenized 
substance  hke  yeast,  to  produce  fermen- 
tation without  it. 

Nitrogenized,  i.e.  containing  nitrogen. 

Q.  W7ii/  do  not  quaipes  ferment,  while  they 
Jiang  on  the  vine  ? 

A.    Because  the  icater  of  the  juice 

evaporates  through  the  skin,  and  allows 

the  grapes  to  shrivel  and  di'y  up,  after 

they  are  ripe. 
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Fermentation  cannot  occur  unless  the  sugar  be  dissolved  in  a 
Buflicicnl  quantity  of  water. 

Q.  What  is  the  feoth  or  scum  of  fermented 
liquors  ? 

A.  Putrefying  glutinous  substances 
(resembling  yeast),  which  rise  to  the 
surface  from  their  lightness. 

Q.  Why  is  beer  flat,  if  the  cash  he  left 
open  too  long  ? 

A.  Because  too  much  of  the  carbonic 
acid  gas,  (produced  by  fermentation)  is 
suffered  to  escape. 

Q.  Whi/  are  hcer  and  porter  made  stale  hy 
heing  exposed  to  the  aie  ? 

A.  Because  too  much  of  the  carbonic 
acid  gas,  (produced  by  fermentation)  is 
suffered  to  escape. 

Q.  Why  does  beer  turn  flat,  if  the  tekt 
PEG  be  left  out  of  the  tub  ? 

A.  Because  the  carbonic  acid  gas 
escapes  through  the  vent  hole. 

Q.  JVliy  ivill  NOT  beer  run  out  of  a  tub,  till 
the  VENT  PEG  is  taken  out? 

A.  Because  the  upward  pressure  of 
the  external  aii^  (admitted  through  the 
tap)  holds  the  Hquor  back, — not  being 
counterbalanced  by  any  pressure  of  air 
on  the  surface  of  the  liquid. 
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The  upward  pressure  of  air  may  be  illustrated  by  the  followinar 
simple  experiment : — Fill  a  wine  glass  with  water ;  cover  the  loj) 
of  the  glass  with  a  piece  of  writing  paper ;  turn  the  glass  upside 
down,  and  the  water  will  not  run  out.  The  paper  is  used  merely 
to  give  the  air  a  medium  sufficiently  dense  to  act  against. 

Q.  Will/  does  the  beer  run  feeelt,  imme- 
diately the  TENT  PEG  is  taken  out  ? 

A.  Because  air  rushes  immediately 
through  the  vent  hole  at  the  top  of  the  tub, 
to  counterbalance  the  air  admitted  by 
the  tap ;  in  consequence  of  which  the 
liquid  escapes  by  its  own  weight. 

Q.  Will/  does  liquor  flow  reluctantly  out  of 
a  BOTTLE  held  upside  down  ? 

A.  Because  the  upward,  pressure  of 
the  air,  interferes  with  its  free  escape 
from  the  narrow  mouth  of  the  bottle. 

Q.  Why  'shoiild  a  bottle  be  held  obliquely, 
in  order  to  be  emptied  of  its  liquor  ? 

A.  Because  the  liquor  will  then  run 
out  by  the  xuider  portion  of  the  neck,  and 
allow  the  air  to  flow  in  by  the  upper  part 
to  counterbalance  the  upward  pressm-e. 

Q.  Why  does  wine  (jpoured  from  a  bottle 
quickly)  spirt  about,  without  going  into  the 
decanter} 

A.  Because  it  fills  the  top  of  the 
decanter  (hke  a  cork),  and  leaves  no  room 
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for  the  air  inside  to  escape ;  the  decanter, 

therefore,  (being  full  of  air)  refuses  to 

admit  the  wine. 

Q.  Wlty  does  tJie  effeuvescence  of  soda  ■ 
water  and  ginger-leer  very  soon  go  off? 

A.  Because  the  carbonic  acid,  (which, 
produced  the  effervescence)  very  rapidly  • 
escapes  into  the  air. 

Q.     Why  is  boiled  water  flat  a7id  insipid?' 

A.  Because  the  whole  of  the  carbonic 
acid  is  expelled  by  boiling,  and  escapes! 
into  the  air. 

Q.     Why  does  teast  make  bread  light  ? 

A.  Because  it  produces  a  species  off 
fermentation  on  the  starch  and  glu'teni 
of  flour,  as  it  does  in  the  sugar  of  malt. 

Q.  How  does  feumentation  make  thee 
dough  EISE  ? 

A.  During  fermentation,  carbonict 
acid  gas  is  evolved ;  but  the  sticky  tex- 
ture of  the  dough  will  not  allow  it  to 
escape ;  so  it  forces  up  little  bladders  allJ 

through  the  dough.  I 
Q.  Why  is  DOUGH  placed  before  afire  ?  I 
A.  1st — Because  the  heat  of  the  fireJ 

increases  fermentation  ;  and  I 


BREAD.  HEAT  EVOLVED.  289 


Snclly — It  expands  the  gas  confined  in 
the  little  bladders;  in  consequence  of 
which,  the  bubbles  are  enlarged,  and  the 
dough  becomes  lighter  and  more  porous. 

Q.  Will/  is  hread  heatt  if  the  dough  he 
removed  from  the  fire  ? 

A.  Because  the  dough  gets  cold,  and 
the  air  in  the  bladders  condenses:  In 
consequence  of  which,  the  paste  falls, — 
and  the  bread  becomes  close  and  heavy. 

Q.  Why  is  tvheaten  hread  more  TnjTiilTiOTTS 
than  that  made  from  any  other  grain  ? 

A.  Because  wheat  contains  more 
gluten  than  other  grains,  on  which  its 
nutritive  quality  depends. 

Good  wheat  flour  contains  about  25  per  cent,  of  gluten. 

Q.      What  causes  the  heat  of  fire  ? 

A.  The  heated  carbon  of  fuel  com- 
hines  with  oxijgen  from  the  air,  and 
produces  carbonic  acid  gas,  by  which 
chemical  action  heat  is  evolved. 

Q.     What  causes  the  heat  of  animal  hodies? 

A.    The  carbon  of  the  blood  combines 

Avith  oxygen  from  the  air  inhaled,  and 

produces  carbonic  acid  gas  :  which  evolves 

heat  in  a  way  similar  to  burning  fuel. 

0  a 


290 


CAEBONIC  ACID. 


Q.  Whence  does  tlie  heat  of  a  dtjnghili.  . 
arise  ? 

A.  The  straw,  &c.,  of  the  dunghill, 
undergoes  fermentation  from  decay,  and 
produces  carbonic  acid  gas  ;  from  which 
heat  is  evolved  by  a  species  of  combus- 
tion, as  in  the  two  former  cases. 

Q.     Sow  does  the  formation  of  caebonio 
ACID  {in  all  these  cases)  produce  heat  ? 

A.    Carbonic  acid  has  less  power  of 
holding  latent  heat,  than  carbon  and  oxij- 
gen  have :  when,  therefore,  these  ele- 
ments are  changed  into  carbonic  acid, 
latent  heat  is  given  off,  and  made  sensible. 

Q.  Whi/  do  persons  throw  iime  into  bins 
and  sewers,  to  peevent  their  offensive  smell  in 
summer  time  ? 

A.    Because    they   contain  various 

gases,  which  readily  combine  with  lime; 

and  neutralize  their  offensive  odom's. 

Q.     WTiy  should  WATEE  (used  for  washing) 
he  exposed  to  the  air  ? 

A.    Because  it  is  made  softer  by  expo- 
sure to  the  air. 

Most  spring  water  holds  lime  in  solution  as  a  bicarbotiate,  in  con- 
sequence of  the  presence  of  abundant  carbonic  acid.  Carbonic  acid 
escapes  by  exposure  to  air — and  the  lime  is,  consequently,  deposited 
as  a  carbonate.  The  bicarbonate  of  lime  contains  twice  as  much 
carbonic  acid  as  the  wirbonate. 
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Q.  Why  is  hard  watee  made  softeb  hy 
exposure  to  air  ? 

A.  1st — Because  the  mineral  mils 
(which  cause  its  hardness)  subside ;  and 

Sndly — Because  the  carbonic  acid  of 
the  water  makes  its  escape  into  the  air. 

Q.    How  is  the  carbonic  acid  of  water  produced  ? 

A.  By  the  presence  of  what  is  caHed 
the  bicarbonate  of  lime,  which  is  fi*e- 
quently  held  in  solution  by  hard  water. 

Bicarbonate  of  lime  ia  a  salt,  composed  of  lime  and  carbonic  add. 

Q.  TVhy  is  hard  "Wateu  viore  agreeable  to 
DUiNK,  than  soft  water  ? 

A.  Chiefly  because  it  contains  car- 
bonic acid. 

Q.  Wliy  is  wafer,  TnESufrom  the  pump,  more 
svxTiKLi'SQjthan  after  it  has  been  drawn  some  time? 

A.  Because  water  fresh  from  the 
pump  contains  cai'bonic  acid,  wliich  soon 
escapes  into  the  aii',  and  leaves  the  water 
flat  and  stale. 

Q.  Wliy  is  QUICK-LIME  formed  by  subjecting 
pJial/c  and  limestone  to  intense  heat  in  a  kiln  ? 

A.  Because  the  carbonic  acid  (which 
rendered  it  mild)  is  driven  off  by  the 
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heat  of  the  kihi :  and  the  hme  becomes 
quick  or  caustic. 

Chalk  and  lime-stone  are  not  hiirnt,  but  calcined  by  the  heat  of 
the  kiln. 

Q.       Wliat  is  MOETAR  ? 

A.    Lhne  mixed  with  sand  and  water. 

Q.  What  is  the  difference  between  quick- 
lime and  SLACKED-LIME  ? 

A.  Slacked-hme  is  quick-hme  to 
which  water  has  been  added. 

When  quiek-Ume  is  slacked,  by  the  addition  of  -water,  great  heat 
is  given  out ;  the  latent  heat  of  the  fluid  water  being  made  sensible 
when  it  becomes  solid  by  uniting  with  the  lime. 

Q.  Why  does  mobtae  become  haed,  after 
a  few  days  ? 

A.  Because  the  hme  re-imhihes  from 
the  air  the  carbonic  acid  which  had  been 
expelled  hij  fire  ;  and  the  loose  powder 
again  becomes  as  hard  as  the  original 
lime-stone. 

Q.     JSxplain  in  what  way  moetae  is  adhesive. 

A.  When  the  carbonic  acid  is  expel- 
led, the  hard  lime-stone  is  converted  into 
a  loose  powder,  which  (being  mixed  with 
sand  and  water)  becomes  a  soft  and  sticky 
plaster;  but,  as  soon  as  it  is  placed 
between  bricks,  it  re-imhibes  carbonic  acid, 
and  hardens  into  lime-stone  again. 
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CARBURETTED  HYDROGEN  GAS. 


Q.       JVIiat  is  CHOKE-DAMP  ? 

A.  Carbonic  acid  gas  accumulated  at 
the  bottom  of  wells  and  pits.  It  is  called 
CHOKE  damp,  because  it  chokes  (or  suffo- 
cates) every  animal  that  attempts  to 
inhale  it.    {See  p.  266.) 

It  suffocates  without  getting  iato  the  lungs,  by  closing  the  outer 
oviflce  spasmodically. 

Q.     WTiat  is  marsh-gas  or  fiee-damp  ? 

A.  Carhuretted  hydrogen  gas  accumu- 
lated on  marshes,  in  stagnant  waters, 
and  coal  pits ;  it  is  frequently  cal  ed 
"  inflammable  air." 

Q.     JVhat  is  caeburetted  htdeogen  gas  ? 
A.    Carbon  chemically  combined  with 
hjdrogen. 

Q.  How  may  caebubetted  hydeogeit  gas 
he  PROCTJEED  on  marshes  ? 

A.    By  sthring  the  mud  at  the  bottom 
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of  any  stagnant  pool,  and  collecting  the 
gas  (as  it  escapes  upwards)  in  an  inver  - 
ted  glass  vessel. 

Q.     TFJiat  is  coal  gas? 

A.  Carhuretted  hydrogen,  extracted 
from  coals  by  the  heat  oi  fire. 

Q.  WJiJ/  is  carhuretted  hydrogen  gas  called 
riRE-DAMP,  or  inflammable  air  ? 

A.  Because  it  very  readily  explodes, 
when  a  hght  is  introduced  to  it. 

Provided  atmospheric  air  be  present. 

Q.  Will/  is  carhuretted  hydrogen  gas  fre- 
quently called  MAESH  gas  ? 

A.  Because  it  is  generated  in 
meadows  and  marshes  from  putrefying 
vegetable  substances. 

See  ignis  fatuus,  298. 

Q.  WTiaf  ga^  is  evolved  hy  the  wick  of  a 
hurning  candle  ? 

A.  Carhuretted  hydrogen  gas :  The 
carbon  and  hydrogen  of  the  tallow  comUne 
into  a  gas  from  the  heat  of  the  flame ; 
and  this  gas  is  called  carhuretted  hydrogen. 

Q.  Why  does  the  air  in  coal-mines  fre- 
quently EXPLODE  ? 

A.    Because  the  carhuretted  hydrogen 
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gas  (generated  in  these  mines  by  the 
coals)  having  mixed  with  common  air, 
explodes,  when  a  light  is  incautiously 

introduced. 

Q.  Soio  can  miners  see  in  coal-pits,  if  they 
may  never  introduce  a  light  ? 

A.  Sir  Humphrey  Davy  invented  a 
lantern  for  the  use  of  miners,  called 
"  the  Safety  Lamp  ;"  which  may  be  used 
without  danger. 

Q.     Wlio  toas  Sir  Humphrey  Davy  ? 

A.  A  very  celebrated  chemist,  born 
in  Cornwall,  1778  :  he  died  in  1829. 

Q.     What  sort  of  thing  is  the  safety-lamp  ? 

A.  A  kind  of  lantern,  covered  ivitli  a 
fine  wire  gauze,  instead  of  glass  or  horn. 

Q.  So  w  does  this  fine  mEE  gauze  prevent 
EXPLOSION  in  a  coal  mine  ? 

A.  By  preventing  the  flame  of  the 
lamp  from  communicating  with  the  in- 
flammable gas  of  the  mine. 

N.n — The  interstices  of  the  -(vire  gauze  must  not  be  fe'wer  than 
400  to  a  square  inch. 

Q.  Why  will  not  flame  pass  THEOtrGH 
very  fine  ivire  gauze  ? 

A.  Because  metal  is  a  very  rapid 
conductor  of  heat ;  and  when  the  flaming 
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gas  (iDurning  in  the  lamp)  reaches  the 
wire-gauze,  so  much  heat  is  conducted 
away  by  the  wire,  that  the  flame  cannot 
ignite  the  explosive  gas  of  the  mine. 

Q.  Does  the  gas  of  a  coal-mt  get  thbough 
the  wire-gauze  into  the  lajttern  ? 

A.  Yes :  and  the  inflammable  gas 
ignites,  and  burns  inside  the  lamp :  but 
no  danger  arises,  so  long  as  the  wu-e- 
gauze  does  not  become  very  much  heated. 

Q.  Sow  can  the  miner  tell  when  the  moment 
of  DANGEK  has  arrived? 

A.  By  observing  when  the  wire- 
gauze  becomes  red-hot ;  danger  is  then 
present :  for  should  the  heat  rise  higher, 
tlie  flame  would  pass  and  produce  an 
explosion,  because  the  loire  would  be  no 
longer  able  to  cool  it. 

N.B. — WTien  the  carburettcd  hydrogen  gas  explodes  from  a  miner's 
candle,  the  miner  sometimes  perishes  in  the  hinst  oj  tho  flame  ;  and 
sometimes  suifers  aujjucation  Irom  the  carbonic  acid  thus  produced. 
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CHAPTER  XXI. 


PHOSPHU RETTED 
HYDROGEN  GAS. 


Q.  From  wliat  do  the  very  OFFEXsrvE  ef- 
fluvia of  DEAD  BODIES  in  churcli-yavds  arise  / 

A.  From  a  gas  called  phosphuPvET- 
TED  hydrogen  :  which  is  phosphorus 
combined  with  htjclrogen  gas. 

The  escape  of  ammonia  and  sulphuretted  hydrogen  contributes 
much  to  this  offensive  odour. 

Q,     What  is  T^nos-pjio-RVS? 

A.  .A  pale  amber-coloiired  substance, 
resembling  wax  in  appearance.  The 
word  is  derived  from  two  Greek  words, 
which  mean  "  to  produce  or  bring  light." 

Q.     How  is  pnosPHOnus  obtained? 

A.    By  heating  bones  to  a  white 
heat:    by   which   means,   the  animal 
matter  and  charcoal  are  consumed,  and 
a  substance  called    phosphate  of  lime,' 
is  left  behind. 

Q.     What  is  the  phosphate  of  mwE  ? 

A.    The  principal  constituent  of  bones. 


298  IGNIS  FATUUS. 

It  is  a  compound  of  phosphorus,  oxygen, , 
and  lime. 

Phosphorus  and  oxygen  in  combination  constitute  phosphoric  acid. . 

Q.  Of  what  is  the  ignitahle  part  of  iiUCirEa  i 
MATCHES  made  ? 

A.  Of  phosphorus ;  and  above  2501 
thousand  lbs.  are  used  every  year  ini 
London  alone,  merely  for  the  manufac-- 
ture  of  lucifer  matches. 

Q.     Why  do  lucifer  matches  so  readily  ignite  ? ' 

A.  Because  phosphorus  (with  which, 
they  are  tipped)  inflames  with  such  ai 
shght  degree  of  heat,  that  even,  gentles 
pressure  or  friction  will  raise  its  temper-  • 
atm'e  enough  to  kindle  it  into  flame. 

Q.  What  is  the  cause  of  the  ignis  fatuus,  , 
Jack  0^ Lantern,  or  Will  o'the  Wisp  ? 

A.  Tliis  luminous  appearance  (which  i 
haunts  meadows,  bogs,  and  marshes)) 
arises  from  the  gas  of  'putrefying  animall 
and  vegetable  substances ;  especially  from . 
decaying  fish. 

The  Welsh  "  Corpse  Candles"  are  the  same  things. 

Q.  TVhy  are  these  luminous  phantoms  so  > 
seldom  seen  i 
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A.  Because  phosphoric  hydrogen  is 
so  very  volatile,  that  it  generally  escapes 
into  the  air  in  a  thinly  diffused  state. 

If  phosphoniB  be  boiled  with  milk  of  lime,  and  the  beak  of  the 
retort  placed  under  water,  bubbles  of  phosphurettcd  hydrogen  will 
rise  successively  through  the  water,  and  (on  reachins:  the  surface) 
burst  into  flame.  It  is  the  singular  property  of  this  gas  to  ignite 
spontaneously  in  air  when  it  has  been  produced  by  the  action  of  lime 
or  potassaon  water ;  whenthegasis  procured  directly  from  hydrated 
phosphorus,  it  does  not  ignite  spontaneously,  became  it  is  more  pure. 

Q.  Whi/  does  an  ignis  fatuus,  or  Will  oHTie 
Wisp,  FLT  from  us  when  we  btjn  to  meet  it  ? 

A.  Because  we  produce  a  current  of 
air  in  front  of  ourselves,  (when  we  run 
towards  the  ignis  fatuus)  which  diives 
the  light  gas  forwards. 

Q.  JVhi/  does  an  ignis  fatmts  run  after  us, 
when  we  flee  from  it  in  a  fright? 

A.  Because  we  produce  a  current  of 
air  in  the  way  we  run,  which  attracts  the 
Hght  gas  in  the  same  course ;  drawing  it 
after  us,  as  we  run  away  from  it. 

Q.  Is  not  a  hind  of  Jack  6* Lantern  some- 
times produced  by  insects? 

A.  Yes ;  swai'ms  of  luminous  insects 
passing  over  a  meadow,  sometimes  pro- 
duce an  appeai'ance  similai'  to  the  ignis 
fatuus. 
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Q.  May  not  mamj  ghost  stories  lime  arisenx 
from  some  ignis fatuus  lurking  about  chu7-chyards?' 

A,  Perhaps  all  the  ghost  stories i 
(worthy  of  any  credit  at  all)  have  arisen  i 
from  the  ignited  gas  of  churchyards — 
lurking  about  the  tombs  :  to  which  fear' 
has  added  its  own  creations. 


CHAPTER  XXII. 

WIND.  i 

Q,     What  is  wind  ?  i 

A.    Wind  is  air  in  motion. 

Q.  What  PUTS  the  air  in  motion,  so  as  too 
produce  wind  ? 

A.  The  principal  causes  are  vai'ia- 
tions  of  heat  and  cold ;  produced  by  the.: 
succession  of  day  and  night,  and  of: 
summer  and  winter. 

Q.      What  effect  has  heat  upon  the  air  ? 

A.    Heat  rarefies  the  air,  and  causes- 
it  to  expand. 

Q.  Hoio  do  you  know  that  heat  causes  theM 
air  to  EXPAND  ?  I 
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A.  If  a  bladder  half  full  of  air  (tied 
tight  round  the  neck)  be  laid  before  a 
iire,  the  air  will  expand  by  the  heat,  and 
fill  the  bladder. 

Q.      What  effect  is  produced  upon  air  by 

BABErACTION  ? 

A.  It  is  made  lighter,  and  ascends 
through  colder  strata ;  as  a  cork  (put  at 
the  bottom  of  a  basin  of  water)  rises  to 

the  surface. 

Q.     Prove  that  rarefied  air  ascends. 

A.  When  a  boy  sets  fire  to  the  cotton 
or  sponge  of  his  balloon,  the  flame  heals 
the  air ;  which  becomes  so  light,  that  it 
ascends,  and  carries  the  balloon  witli  it. 

Q.    What  effect  is  produced  upon  ai  R  5y  cold  ? 

A.  It  is  condensed,  or  squeezed  into 
a  smaller  compass ;  in  consequence  of 
which,  it  becomes  heavier,  and  descends 
towards  the  ground. 

Q.     Prove  that  air  is  condensed  hy  cold. 

A.  Lay  a  bladder  half  full  of  air  before 
a  fire,  till  it  has  become  fully  inflated ;  if 
it  be  now  removed  from  the  fire,  the 
bladder  will  collapse  again,  because  the 
air  condenses  into  its  former  bulk. 
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Q.  What  is  meant  hy  the  bladder  "  collap- 
sing '?" 

A.  The  skin  becoming  wrinUed, 
shrivelled,  and  flahhy ;  because  there  is 
not  sufficient  air  inside  to  fdl  it. 

Q.     How  do  you  know  that  condensed  air 

will  DESCEND  ? 

A.  Because  a  fire  balloon  falls  to  the 
earth,  so  soon  as  the  spirit  in  the  cotton 
is  humt  out,  and  the  an  of  the  balloon 
has  become  cold  again. 

Q.     Does  the  sun  heat  the  air,  as  it  does  the 

EABTH  ? 

A.  No :  the  air  is  not  heated  by  the 
rays  of  the  sun;  because  air  (hke  water) 
is  a  very  had  conductor. 

Q.       How  is  AIE  HEATED  ? 

A.  By  convection,  thus : — The  sun 
heats  the  earth,  and  the  earth  heats  the 
air  resting  upon  it ;  this  hot  air  rises,  and 
is  succeeded  by  colder  air,  which  is  heated 
in  a  similar  way ;  till  the  whole  volume 
is  ivarmed  by  these  "  convective  currents." 

Q.  JVJiat  is  meant  hy  "  conyective  cue- 
EENTs"  of  hot  air? 

A.    Streams  of  an,  heated  by  the 


CANDLE  FLAME. 


303 


earth,  which  rise  upioards  and  carry  heat 
with  them.    {See  p.  252.) 

Q,  Is  the  air  in  a  eoom  in  perpetual  motion, 
as  the  air  abroad  is  ? 

A,    Yes ;  there  are  always  tioo  currents 

of  air  in  any  room  we  occupy :  one  of 

hot  air  flowing  out  of  the  room,  and 

another  of  cold  air  flowing  into  the  room. 

Q.  How  do  you  know,  that  there  are  these 
TWO  currents  of  air  in  every  occupied  room? 

A.  If  I  hold  a  lighted  candle  near 
the  top  of  the  door,  the  flame  will  be 
blown  outwards  (towards  the  hall) ;  but  if 
I  hvold  the  candle  at  the  bottom  of  the 
door,  the  flame  will  be  blown  inwards 
(into  the  room.) 

N.B. — This  is  not  the  case  when  a  fire  is  in  the  room.  A\Tien  a 
fire  is  lighted,  an  inward  current  is  drawn  through  nil  the  crevices. 

Q.  Why  loould  the  flame  he  hloion  outwards 
{towards  the  iiall),  if  a  candle  he  held  at  the  top 
of  the  door  ? 

A.  Because  the  air  of  the  room,  being 
heated,  &c.,  ascends;  and  (floating  about 
the  upper  part  of  the  room)  escapes 
through  the  crevice  at  the  top  of  the  door, 
producing  a  current  of  air  from  the  room 
into  the  hall.  ^  „ , 
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Q.  Why  would  the  flame  he  hloivii  inwards 
{into  the  boom),  if  a  candle  he  held  at  the  bottom 
of  the  door  ? 

A.  Because  the  cold  air  from  without 
is  rushing  immrds,  through  the  crevice 
at  the  bottom  of  the  door,  to  drive  the 
light  ivarm  air  out  at  the  top. 

Q.  How  does  warm  air  make  its  escape 
from  a  room  ? 

A.  The  warm  air  is  pressed  out  by 
the  cold  air  coming  in  below ;  and  escapes 
by  means  of  the  crevices  at  the  top  of 
the  room. 

Q.  Why  are  not  all 'places^  which  lie  under  the 
same  parallel  of  latitude,  of  the  same  temperature  ? 

A.  Because  various  distm^bing  cu^- 
cumstances  tend  to  vary  the  mean  tem- 
peratm'e. 

Q.  What  disturhing  circumstances  affect  the 
temperature  of  particular  situations  ? 

A.  ],st — The  elevation  and  form  of 
the  land : 

Sndly — The  proximity  of  the  sea : 
3rdly — Mountains,  swamps,  and  fo- 
rests : 

4thly — The  nature  of  the  soil :  and 
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5thly — The  prevalence  of  cold  or  warm 
winds. 

Q.  What  effect  is  produced  on  temperature 
htj  the  configuration  of  lands  ? 

A.  islands  and  peninsulas  are  warmer 
than  continents;  bays  and  inland  seas 
also  tend  to  raise  the  mean  temperature, 

Q.     What  effect  has  the  sea  on  temperature  ? 

A.    In  warm  climates  it  tends  to 

diminish  the  heat;  in  cold  climates  to 

mitigate  the  cold. 

Q.  What  effect  have  mountains  on  temper- 
ature ? 

A.  Chains  of  mountains  which  ward 
olf  cold  winds,  raise  temperature ;  but 
mountains  which  ward  off  south  and  west 
winds,  lower  it. 

Q.     What  effect  has  soili  on  temperature  ? 

A.  A  sandy  soil  which  is  diy,  is 
warmer  than  a  marshy  soil  which  is  wet, 
and  subject  to  great  evaporation. 

For  effects  of  forests  on  temperature,  see  p.  167. 

Q.    Does  all  ivind maintain  the  same  velocity  ? 

A.  The  velocity  of  wind  varies  from 
100  miles  an  hour  in  the  tornado,  to  the 
scarcely  perceptible  motion  of  a  gentle 
Ireeze. 
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Q.     Sow  does  ihe  rotation  of  the  earth  tipon 
its  axis  ajfect  the  motion  of  the  air  ? 

A.  In  two  ways.  1st — As  the  earth  ' 
moves  round  its  axis,  the  air  is  left 
somewhat  helwid;  and,  therefore,  seems 
to  a  body  carried  with  the  smface  of  the 
revolving  earth,  to  be  going  in  the  op- 
posite du-ection  :  and 

Sndly — As  the  earth  revolves,  different 
portions  of  its  surface  are  continually 
passing  under  the  vertical  rays  of  the  sun. 

Q.  When  are  the  rays  of  the  sun  called 
"teeticaii  eats?" 

A.  When  the  sun  is  in  a  direct  line 
above  any  place,  his  rays  are  said  to  be 
"  vertical"  to  that  place. 

Q.     Illustrate  the  manner  in  which  the  eartVs 
surface  passes  under  the  vertical  sun. 

A.  Suppose  some  part  of  the  brass 
meridian  of  a  globe  to  represent  the 
vertical  sun;  as  you  turn  the  globe 
round,  different  fjarts  of  its  surface  will 
pass  under  that  part  of  the  brass  rim, 
in  constant  succession. 

Q.  Why  is  it  NOON-DAT  to  the  place  over 
ichich  the  sun  is  yeetical  ? 
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A.  Because  the  sun  is  half-ivaxj 
between  rising  and  setting  to  that  place. 

Q.  Show  how  this  rotation  of  the  earth 
affects  the  AIE. 

A.  If  we  suppose  some  part  of  the 
brass  meridian  to  be  the  vertical  sun,  the 
whole  column  of  air  beneath  will  be  lieated 
by  the  noon-day  rays;  that  part  which 
the  sun  has  left,  will  become  gradually 
coldei'  and  colder ;  and  that  part  to  which 
the  sun  is  approaching,  will  grow  con- 
stantly warmer  and  icarmer. 

Q.  Then  there  are  theee  conditions  of  air 
about  this  spot? 

A.  Yes :  the  air  over  the  place,  wdiich 
has  passed  the  meridian,  is  cooling  ;  the 
air  under  the  vertical  sun,  is  the  hottest ; 
and  the  air,  which  is  over  the  place  about 
to  pass  under  the  meridian,  is  increasing 
in  heat. 

See  fig.  on  p.  309.  The  coliuim  A  (whicli  the  sun  has  passed)  is 
OOoUng  :  B  is  under  the  vertical  sun;  and  C  is  iiicrcashig  in  heat. 

Q.  Hotv  does  this  vaeiety  in  the  heat  of 
AIR  produce  wind  ? 

A.  The  air  always  seeks  to  preserve 
a  condition  of  eqiiilibrium ;  so,  cold  air 
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rushes  into  the  place  occupied  by  neigh- 
bouring wai-m  air,  and  causes  it  to  form 
an  upward  cui'rent. 

Q.  Why  does  not  tTie  wind  always  blow 
ONE  tcai/,  folloioing  the  direction  of  the  sun  ? 

A.  Because  the  direction  of  the  wind 
is  subject  to  perpetual  interruptions  from 
hills  and  valleys,  deserts  and  seas,  &c. 

Q.  Hoto  can  hills  and  mountains  alteb 
the  course  of  the  winds  P 

A.  Suppose  a  wind  (blowing  from  the 
north)  comes  to  a  mountain  ;  as  it  cannot 
pass  through  it,  it  must  either  rush  hach 
again,  or  fly  of  at  one  side,  (as  a  marble, 
when  it  strikes  against  a  wall.) 

Q.  Do  mountains  (ifect  the  wind  in  any 
OTHEE  way? 

A.    Yes  ;  many  mountains  are  capped 

with  snow,  and  the  warm  air  is  condensed, 

when  it  comes  in  contact  with  them :  as 

soon  as  the  temperature  of  the  air  is 

changed,  the  direction  of  its  currents  are 

altered  also. 

Sec  figure  on  next  page. 
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Suppose  A  B  0  to  be  three  columna  of  air.  A,  the  column  of  air 
•which  is  cooling  down:  B,  the  column  to  which  the  sun  i.i  vertical; 
and  C,  the  column  which  is  to  he  heated  next.  In  ihis  case,  the  cold 
ail'  of  A  will  rush  towards  B ;  because  the  air  of  B  is  tiottcr  than 
that  of  A.  But  suppose  now  C  to  be  a  snow-capped  ni'iuntain  ;  as 
it  comes  under  B,  it  preserves  the  air  round  it.  at  its  low  toinpera- 
turo  still,  and  therefore  checks  for  a  time  the  ascent  of  the  air  in 
that  direction. 

Q.  Hoio  can  the  oobait  affect  the  direction 
of  the  wiKi)  ? 

A.  When  the  ocean  rolls  beneath  the 
vertical  sun,  it  is  not  made  so  hot  as  the 
land  is ;  in  consequence  of  which,  the 
general  direction  of  the  wind  is  from 
tracts  of  ocean  towards  tracts  of  land. 

Q.  W7u/  is  not  the  water  of  the  sea  made  so 
HOT  bi/  the  vertical  sun,  as  the  surface  of  the  land 

A.  1st — Because  the  evaporation  of 
the  sea  is  greater  than  that  of  land :  and 

9ndly — The  constant  motion  of  water 
prevents  the  increase  of  temperature  at 
the  surface. 
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Q.  WTiy  does  tlie  evapoe atiok  of  tlie  scapre- 
vent  its  surf  ace  from  heing  heatedhy  iheverticalsun? 

A.    Because  its  heat  is  absorbed  in 

the  generation  of  vapour,  and  carried  off 

into  the  air. 

Q.  WJ/y  does  tlie  motton  oftlie  sea  prevent 
its  surface  from  heing  heated  hy  the  vertical  sun? 

A.  Because  each  portion  rolls  away, 
as  soon  as  it  hecomes  heated,  and  is 
succeeded  hy  another ;  and  this  constant 
motion  prevents  the  surface  of  the  sea 
from  being  more  heated  than  the  water 
bcloiD  the  surface. 

Q.     Hoio  do  CLOUDS  affect  the  ■wrND  ? 

A.  As  passing  clouds  screen  the 
direct  heat  of  the  sun  from  the  earth, 
they  diminish  the  rarefaction  of  the  air 
also  :  and  this  is  another  cause  why 
neither  the  strength  nor  direction  of  the 
wind  is  uniform. 

Q.     Do  winds  ever  hlow  eeqtjlaelt? 

A.  Yes ;  in  those  parts  of  the  world, 
which  present  a  large  surface  of  water, 
as  in  the  Atlantic  and  Pacific  Oceans. 

Q.  TVhat  are  the  regular  winds,  which  hlow 
over  the  Atlantic  and  Pacific  Oceans,  called  ? 
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A.    They  are  called  "  trade  winds." 

They  are  called  "trade"  or  "tread  wiads,"  because  they  uni- 
formly pursue  one  tread  or  track. 

Q.    W7iai  service  are  tJiese  winds  to  mercJiants  ? 

A.  They  are  very  convenient  to  mer- 
chants, who  have  to  cross  the  ocean, 
inasmuch  as  they  always  blow  uniformly 
in  one  direction. 

Q.  In  what  dieection  do  the  trade  winds 
iloiv  ? 

A.  That  in  the  northern  hemisphere 
blows  from  the  north-east:  that  in  the 
southern  hemisphere,  from  the  south-east. 

Q.  Why  do  not  these  polar  or  trade  winds 
blow  from  the  pull  noeth  and  south,  directly 
towards  the  torrid  zone  ? 

A.  Because  the  poles,  from  which 
they  flow,  move  with  less  velocity  than  the 
surface  of  the  earth  over  which  they  pass 
in  their  progress  towards  the  equator. 

Q.  How  does  this  difference  of  velocity  affect 
the  direction  of  the  wind  ? 

A.  In  the  same  way  as  hedges,  houses, 
or  trees,  (to  a  person  in  a  carriage)  seem 
to  be  running  in  an  opposite  direction. 

As  the  circumference  of  the  earth  at  the  equator  is  much  larger 
than  the  circumference  of  the  earth  at  the  poles ;  .therefore,  every 
spot  of  the  earth's  equatorial  surface  must  move  much  faster,  than 
the  corresponding  one  at  the  poles. 
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Q.     Why  do  currents  of  air  flow  from  the 

POLES  to  the  EQUATOR? 

A.  Because  the  air  about  the  equator 
(being  rarefied  by  the  heat  of  the  sun) 
constantlij  ascends,  and  thus  gives  way  to 
the  cold  air  from  the  noles. 

Q.  Is  there  an  tjppeb  as  well  as  a  lowee 
cufiRENT  in  the  atmosphere  ? 

A,  Yes;  the  u'p'per  current  of  rare- 
fied air  is  from  the  equator  to  the  poles ; 
being  there  condensed,  it  returns  again 
to  the  equator,  forming  the  lower  current. 

Q.  Wliat  effects  are  produced  hy  the  double 
current  of  air  ? 

A.  1st — The  warming  and  cooling  of 

the  strata  of  air : 

2ndly — The  deposition  of  rain :  and 
3rdly — The  formation  and  appearance 

of  clouds. 

Q.  Sbztf  is  the  air  affected  hy  these  opposing 
currents  ? 

A.  As  cold  air  returns  from  the  poles 
to  the  equator,  and  hot  air  travels  from 
the  equator  to  the  poles,  both  currents 
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are  affected  as  they  come  into  contact 
with  each  other. 

Q.  Hoio  loould  these  two  opposite  currents 
of  air  cause  deposition  of  eain  ? 

A.  The  hot  current  from  the  equator 
being  mixed  with  the  cold  current  from 
the  poles,  are  condensed,  and  compelled 
to  part  with  some  of  then*  moisture  in 
rain. 

Q.  Hoio  are  CLOtTDS  affected  hy  the  equato- 
rial and  polar  currents  of  air? 

A.  As  the  currents  displace  eacli 
other  by  any  disturbing  cause,  vapour  is 
added  to  or  taken  from  the  clouds,  and 
produce  a  total  change  in  the  "  face  of 
the  sky." 

Q.  Whj  do  the  clouds  vary  almost  inces- 
santly even  in  the  calmest  day  ? 

A.  In  a  great  measure  from  some 
slight  disturbance  in  the  separate  com'se 
of  the  equatorial  and  polar  cm-rents, 
whereby  the  upper  current  descends,  and 
the  lower  one  rises  into  the  other. 

Q.  T)o  trade-xoinds  hloiofrom  the  north-east 
and  south-east  ALL  the  yea-b  bound  P 
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A.  Yes,  in  the  open  sea ;  that  is,  in  the 
Atlantic  and  Pacific  Oceans,  for  about 
30  degrees  each  side  of  the  equator. 

Q,.  What  becomes  of  tlie  nortli -easterly  and 
south-easterly  trade  loinds,  when  they  approach 
the  equator  ? 

A.  They  are  lost  in  a  region  of  calms ^ 
in  which  vessels  are  often  detained  for  a 
considerable  time. 

Q.  Is  th  is  region  of  calms  jtixed  in  its  position  ? 

A.  No ;  it  shifts  its  place,  according  • 
to  the  sun's  distance,  and  position  in 
regai'd  to  the  equator :  being  sometimes 
entirely  to  the  north  of  the  equator,  and 
occasionally  reaching  as  far  as  2  degrees 
soiith  of  it. 

Q.  Do  the  TRADE  "WINDS  hlowuniformlyfi'om 
north-east  and  south-east  in  the  Indiai^  Ocean? 

A.    No ;  nor  yet  in  those  parts  of 

the  Atlantic  and  Pacific  which  verge  on 

the  continents. 

Q.     JIow  do  the  winds  How  in  the  Indian 
Ocean  ? 

A.  From  April  to  October  a  south- 
west wind  prevails  ;  but  from  October  to 
April,  a  north-east. 
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Q,  What  are  tliese  periodical  currents  of 
air  (ivhich  affect  the  neighhourhood  of  the  Arabian, 
Indian,  and  Chinese  Seas)  called? 

A.    They  are  called  monsoons. 

The  word  monsoon  is  of  Arabic  derivation;  mausim,  (a  set  time 
or  season.) 

Q.  How  far  do  the  limits  of  the  Moxsooxs 
extend  ? 

A.  From  the  African  shoi-e  to  the 
longitude  of  New  Guinea ;  and  northward 
as  far  as  the  parallel  of  latitude,  which 
crosses  the  Loochoo  Isles. 

The  Loochoo  Isles  are  about  24"  north  latitude,  and  30"  east 
longitude. 

Q.  Why  do  not  the  tvinds  in  the  Indian" 
OcEAK  hloio  south-west  from  April  to  October^ 
like  the  trade  winds  ? 

A.    Because  the  air  of  Arabia,  Persia, 

India,  and  China  is  so  rarefied  by  the 

enormous  heat  of  their  summer  sun, 

that  the  colder  air  from  the  south  rushes 

toicards  these  countries  across  the  equator, 

producing  a  south-west  wind. 

Q.  To  tohat  distance  does  this  south- west 
wind  prevail  ? 

A.    From  3  degrees  south  of  the 

equator,  to  the  shores  of  the  Arabian, 

Indian,  and  Chinese  Seas. 
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Q.  Why  does  the  loiiid  (in  the  Indiatc 
Ocean)  hlow  north-east  from  October  to  April  ? 

A.    Because  the  southern  part  of  the 

torrid  zone  is  most  heated  when  the  sun 

is  south  of  the  equator :  and  the  colder 

air  from  the  north  rushes  towards  the 

southern  tropic,  producing  a  north-east 

T\ind  for  six  months  of  the  j^ear. 

Q.  Are  the  monsoons  as  poweeful  as  the 
trade  tvinds  ? 

A.  They  are  far  more  so,  and  very 
often  amount  to  violent  gales. 

Q.  Why  are  monsoons  more  rrsEruL  to  the 
mariners  than  the  fixed  trade  winds  ? 

A.  Because  mariners  are  able  to  avail 
themselves  of  these  periodic  changes,  to 
go  in  one  direction  during  one  half  of  the 
year,  and  to  return  in  the  opposite  direc- 
tion during  the  other  half. 

Q.  How  is  the  change  of  the  monsoons 
marked  ? 

A.  By  an  interval  of  alternating 
calms  and  storms. 

Q.  Have  the  winds  in  Etjeope  any  general 
directions  throughout  the  year  ? 
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A.  AVe  generally  find  that  easterly 
winds  prevail  during  the  simncj  of  the 
year ;  and  loesteiiij  winds  in  the  summer 
and  autumn. 

S-West  winds  arc  more  froquont  in  July  tind  Aufrust.  N-East 
■winds  in  Jamiiu  y,  Marcli,  Apri.,  May,  and  June ;  bul  leant  frequent 
in  July,  September,  and  JJeceniber. 

Q.  Wlien  are  the  wiifDS  in  Europe  yene- 
ralli/  the  hiouest  ? 

A.  The  winds  in  Decemher  and  Jan- 
uary are  generally  the  highest.  Those 
hi  March  and  November  the  next ;  and 
those  in  August  and  September  are  the 
least  boisterous. 

Q.  Whi/  are  the  loinds  of  Europe  gene- 
rally HiOHEST  in  December  and  January  ? 

A.  Because  the  sun  is  furthest  south 
in  those  months ;  and  (as  the  heat  in 
these  northern  regions  rapidly  decreases) 
the  contrast  between  our  temperature 
and  that  of  the  torrid  zone  is.  gTeater 
in  December  and  January,  than  in  any 
other  two  months  throughout  the  year. 

Q.  Will/  does  this  contrast  of  heat  increase 
the  VIOLENCE  o  f  the  wind  ? 

A.    Because  the  air  always  seeks  to 

preserve  a  state  of  equilibrium ;  therefore, 
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the  greater  the  contrast,  the  more  violent 
will  be  the  rush  of  air  to  equalize  the 
two  volumes. 

Q.  WJii/  are  the  winds  in  JEurope  generally 
most  PLACID,  during  the  months  of  Septembee 
and  Atjgtist  ? 

A.  Because  AugustandSeptemberare 
our  warmest  months,  when  we  approach 
nearest  to  the  heat  of  the  torrid  zone  ; 
therefore,  the  air  (to  and  from  the  equa- 
tor), moves  with  less  velocity  in  our 
northern  hemisphere  in  those  two 
months  than  in  any  other. 

Q.  Shew  the  goodness  and  wisdom  of  God 
in  this  constant  tendency  of  air  to  equilibrium. 

A.  If  the  torrid  zone  were  not  tem- 
pered by  cold  air  from  the  polar  regions, 
it  would  become  so  hot,  that  no  human 
being  could  endure  it.  If  (on  the  other 
hand)  the  polar  regions  were  never  warmed 
by  hot  air  from  the  torrid  zone,  they 
would  soon  become  insuffcrablij  cold. 

Q-.  In  lohat  OTHEB,  way  does  the  mingling 
of  the  polar   and  equatorial  atmosphere  act 

BENEEICIALLT  ? 

A.    In  the  equatorial  regions,  the 
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great  abundance  of  vegetable  life  is  pro- 
ductive of  a  very  large  amount  of  oxygen: 
In  the  colder  regions,  artificial  Jires  and 
dense  masses  of  animal  life,  produce 
large  quantities  of  carbonic  acid :  The 
mingling  of  the  polar  and  equatorial 
atmosphere  assists  in  supplying  each  of 
these  regions  with  the  very  gas,  in  which 
it  would  be  otherwise  defective. 

Q.  ITow  does  the  mingling  of  the  polau 
and  EQTJAToiUAL  atmosphere  serve  to  stipjply  each 
region  iviih  the  gas  it  most  requires  ? 

A.  The  jAanls  of  the  equatorial 
regions  require  carbonic  acid : — The 
animals  of  the  colder  regions  require 
oxygen: — The  currents  of  air  from  the 
poles  carry  carbonic  acid  to  the  equato- 
rial plants ;  and  the  currents  of  air  from 
the  equator  carry  oxygen  to  the  animals 
which  abound  nearer  the  poles. 

Q.  Why  are  east  winds  in  England  gene- 
rally COLD  ? 

A.  Because  they  pass  over  the  cold 
swampy  plains  of  the  North  of  Europe ; 
and  have  no  great  breadth  of  ocean  to 
flow  over  afterwards  to  worm  them, 
before  they  reach  our  shores. 
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Q,  Why  are  east  winds  in  England  gene- 
rally dry  ? 

A.  Because  they  come  over  vasi 
continents  and  very  little  ocean;  in  con- 
sequence of  which,  they  have  absorbed 
mry  little  loater. 

Q.  Soio  docs  tJiis  account  for  the  drying 
power  of  the  east  winds? 

A.  Being  dry  when  they  reach  our 
island,  they  readily  imbibe  moisture  from 
the  air  and  clouds ;  and,  therefore,  hrimj 
dry  tveather. 

Q.  TVJiy  are  noeth  winbs  in  Englanu. 
generally  cold  ? 

A.    Because  they  come  from  the  'polar 

regions,  over  mountains  of  snow,  and 

seas  of  ice. 

Q.  Wliy  are  nohth  winds  in  England 
generally  Iceen  and  drying? 

A.  Because  they  come  from  regions 
colder  than  our  own ;  and,  being  warmed 
by  the  heat  of  our  island,  absorb 
moisture  wherever  they  find  it. 

Q.  Wliy  are  soitth  winds  generally  wakm 
in  .England? 

A.    Because    they  come   over  the 
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hot  sandy  deserts  of  Africa,  which  make 
them  hot. 

Q.     Wh^  do  SOUTH  wiiTDS  ofien  bring  us 

EAIN  ? 

-  A.  Because  they  are  much  heated  by 
the  hot  sands  of  Africa ;  and  imbibe  toa- 
ter  very  plentifully,  as  they  pass  over  the 
Mediterranean  Sea  and  British  Cliannel, 

Q.  How  does  this  account  for  the  EAINT 
character  of  south  winds  ? 

A.  As  soon  as  they  reach  our  cold 
chmate  they  are  condensed,  and  can  no 
longer  hold  all  their  vapour  in  suspen- 
sion; in  consequence  of  which,  some  of 
it  is  deposited  as  rain. 

Q.  TVhi/  are  west  winds  in  England 
generally  eaint  ? 

A.    Because  they  come  over  the  ^^/a/i- 

tic  Ocean,  and  are  laden  with  vapour ;  if, 

therefore,  they  meet  with  the  least  chill, 

some  of  the  vapour  is  deposited  as  rain. 

Q.  Why  is  a  fine  clear  day  sometimes 
OVERCAST  in  a  few  minutes  ? 

A.  Because  some  sudden  change  of 
temperature  has  condensed  the  vapom'  of 
the  air  into  clouds 
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Q.  Why  are  clouds  sometimes  dissipated 
very  suddenly  ? 

A.  Because  some  dry  wind  (blowing 
over  the  clouds)  imbibes  their  moisture, 
and  carries  it  off  in  visible  vapour. 

Q.    TVliydo  sovrn-WEST  ivindsbrijiff  us  eain? 

A.  Because  they  come  from  the  torrid 
zone,  and  get  laden  luith  vapour,  in  their 
transit  across  the  ocean.  But,  when 
they  reach  our  northern  island,  (being, 
condensed  by  cold)  some  of  the  vapouri 
is  precipitated  in  rain. 

Q.    W7iy  do  NOETH-EAST  winds  eaeelt  Iring] 

BAIN  ? 

A.  Because  they  come  from  a  cli-- 
mate  colder  than  our  own,  and  their: 
capacity  for  imbibing  vapour  is  increased,, 
when  they  reach  our  island;  in  conse-' 
quence  of  which,  north-east  winds  driji 
the  air,  dispel  the  clouds,  and  promote' 
evaporation, 

Q.  Wliy  does  wind  sometimes  hring  eaiN" 
and  sometimes  fine  xoeatlier  ? 

A.    If  the  wind  be  colder  than  the- 
clouds,  it  will  condense  their  vapour  into 
rain:  But  if  the  wind  be  warmer  than  the 
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"  doucls,  it  will  dissolve  them,  and  cause 

,  them  to  disappear, 

'      Q.     W7it/  are  Maech  ivinds  det  ? 

'  I  A.  Because  they  generally  hlow  fi'om 
fche  east  or  north-east;  and,  therefore, 
sweep  over  the  continent  of  Eui'ope,  and 
cross  the  cold  waters  of  the  German 
Ocean. 

j     Q.     What  is  the  use  of  IMaech  icinds  ? 

A.  They  dry  the  soil,  which  is  satu- 
rated with  the  floods  of  February, — • 
Dreak  up  the  heavy  clods, — and  fit  the 
Hand  for  the  seed  committed  to  it. 

Q.  Why  is  it  said,  that  "  Maech  comes  iir 
iHie  a  xioN  ?" 

A.    Because  it  comes  in  with  hlustenng 

mst  winds,  so  essential  to  dry  the  soil, 

lest  it  rot  the  seeds  committed  to  it. 

1Q.  Why  does  "IMaech  go  out  like  a  lamb  ?" 
A.  Because  the  water  (evaporated  by 
the  high  winds)  falls  again  in  showers  to 
fertilize  the  earth ;  and  these  constant 
jshowers  break  the  violence  of  the  ivinds. 

I  Q.  Will/  is  it  said,  that  "  A  bushel  o/'Maech 
Idust  is  ivorth  a  hinges  ransom 

A.    Because  it  indicates  that  there  has 
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iDeen  a  continuance  of  dry  loeather  :  anc 
unless  March  he  dry,  the  seed  will  rot  ir 
the  wet  soil. 

Q.  TTh^  is  it  said,  "A.  det  cold  Maeci 
never  begs  bread  ?" 

A.  Because  the  dry  cold  winds  o 
March  prepare  the  soil  for  seed ;  whicl 
germinate,  and  produce  fruit  in  th«( 
autumn. 

Q.  It  is  said,  that  "  A  wet  Maech  maTcefi 
a  SAD  autumn."    JExplain  the  reasvii  of  this. 

A.  If  March  is  wet,  so  much  seed  roU 
in  the  ground,  that  the  autumn  crop;- 
are  spoiled. 

Q.  It  is  said,  that  "  Maech  tlowees  ma/cl 
NO  summer  bowees."  Explain  the  reason  of  this\ 

A.  If  the  spring  he  very  mild,  vegetai 
tion  gets  too  forward,  and  is  pinched  h 
succeeding  night  frosts,  so  that  the  sumi 
mer  produces  neither  fruits  nor  flowers; 

Q.     It  is  said,  "A  late  speing  makes  , 
"FETJITEUL  teae."  JExplain  the  reason  of  this. 

A.    If  the  vegetation  of  spring  be 
hachuard,  frosty  nights  will  do  no  harm 
because  the  ffuits  and  flowers  wiU  not  pui 
forth  their  tender  shoots,  till  the  night!, 
have  become  too  warm  to  injure  them. 
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Q.  Wli}/  is  it  said,  that  "Afeil  seoweks 
Iring  Mat  flowers  ?" 

A.  Because  April  showers  supply  the 
principal  nourishment  on  which  seeds 
depend  for  their  development. 

Before  seeds  can  germinate,  three  things  are  essential  r — Dark- 
ness, Heat,  and  Moisture. 

Q.  Does  RAi^-VMter  possess  any  fertilizing 
properties,  besides  that  of  mere  moisture? 

A.  Yes ;  rain-water  contains  an 
ahundance  of  carhonic  acid,  and  a  small 
quantity  of  ammo  nia  ;  to  which  much  of 
iis  fertihzing  power  is  attributed. 

Ammonia  is  a  compound  of  nitrogen  and  hydrogen.  Common 
hartshorn  is  only  ammonia  and  water. 

Q.  Why  has  God  made  November  a  very 
RAINY  month  ? 

A.    Because  rain  hastens  the  piitix- 

faction  of  the  fallen  leaves :  and  this 

makes  the  earth  fertile. 

Q.  Wliy  is  there  more  raiii  erom  Septem- 
ber to  March,  than  from  March  to  September  ? 

A.  Because  the  temperature  of  the 
air  is  constantly  decreasing ;  on  which 
account,  its  capacitij  for  holding  vapour 
is  on  the  decrease  also;  and  its  vapour 
precipitated  as  rain. 
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Q.      Why  is  there  less  rain  from  Maroh  to 
September,  than  from  September  to  March? 

A.  Because  the  temjDeratiire  of  the 
au'  is  constantly  increasing ;  on  which 
account,  its  capacity  for  holding  vapour 
is  on  the  increase,  and  very  httle  is 
precipitated  as  rain. 

Q.  Why  is  the  rising  sun  in  summer  accom- 
panied with  a  BREEZE  ? 

A.  Because  the  heat  of  the  rising 
sun  stops  the  radiation  of  heat  from  the 
earth,  and  warms  its  surface. 

Q.    Hoio  does  this  warmth  produce  a  beeeze  ? 

A.  The  air  (restmg  on  the  earth's 
surface)  being  warmed  by  contact,  ascends ; 
and  colder  air  rushijig  in  to  restore  the 
balance,  produces  the  morning  breeze. 

Q.     Why  is  there  often  an  eteniitg  beeeze 
during  the  simmer  months  ? 

A.  Because  the  earth  radiates  heat 
at  sun-set,  and  the  air  is  rapidly  cooled 
down  by  contact :  this  condensation 
causes  a  motion  in  the  air,  called  the 

evening  breeze. 

Q.  Wliy  are  tropical  islands  subject  to  a 
sea-breeze  every  morning  (i.e.  a  breeze  bio  winy f-om 
the  sea  to  the  land)  ? 
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A.  Because  solar  rays  are  unable  to 
heat  the  sui'face  of  the  sea,  as  they  do  that 
of  the  earth ;  therefore,  the  air  resting  on 
the  sea  is  less  heated,  than  the  air  resting 
on  the  earth;  and  the  colder  sea  air 
blows  inland  to  restore  equilibrium. 

Q.  Why  is  a  land  breeze  generally  less  healthy 
than  a  sea  breeze  ? 

A.  Because  it  is  frequently  laden 
with  exhalations  from  'putrefying  animal 
and  vegetable  substances. 

Q.     Why  is  a  sea  breeze  fresh  and  healthy  ? 

A.  Because  it  passes  over  the  fresh 
sea,  and  is  not  laden  with  noxious 
exhalations. 

It  is  particularly  healthy,  therefore,  to  -walk  on  the  sea-beach 
before  ten  o'clock  in  the  morning ;  but  less  su  aflei-  sun-set. 

Q.     Why  is  there  generally  a  fresh  breeze 
from  the  sea  (in  English  watering  places,)  during 
the  summer  and  autumn  MO.iiKiu  gs  'i 

A.    Because  land  is  more  heated  hij 

the  sun,  than  the  sea  is ;  in  consequence 

of  which,  the  cooler  sea  air  glides  inland, 

restoring  equilibrium  by  pressing  up  the 

hght  hotter  air. 

Q.     Why  does  a  sea  breeze  feel  cool? 
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A.  Because  the  sun  cannot  make 
the  surface  of  the  sea  so  hot  as  the  land; 
therefore,  the  air  which  blows  from  the 
sea  is  cooler  than  the  air  of  the  land. 

Q.  TVht/  are  tropical  islands  sulject  to  a 
land  breeze  every  eveistixg:  {i.e.  a  breeze  blowing 
from  the  land  towards  the  sea)  ? 

A.  Because  the  surface  of  the  land 
cools  down  faster  (after  sun-set),  than 
the  surface  of  the  sea :  in  consequence 
of  which,  the  air  of  the  cold  lands  is  con- 
densed., and  flows  into  the  warmer  regions 
of  the  sea — causing  a  land  breeze, 

Q.     Why  is  the  land  breeze  cool  ? 

A.  Because  the  surface  of  the  land 
is  cooled  at  sun- set  more  quichly  than 
the  surface  of  the  sea;  therefore,  the  air 
from  the  land  feels  cool. 

Q,  Will/  is  the  temperature  of  islands  more 
EQUABLE  than  that  of  continents  ? 

A.    Because  the  water  around  the 

island  mitigates  the  extreme  heat  of 

summer,  and  gives  out  heat  to  diminish 

the  extreme  cold  of  winter, 

Q.  Islands  are  warmer  in  winter  than  con' 
tinents.    Explain  the  reason  of  this. 
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A.  Unless  the  sea  he  frozen  (which 
isTarely  the  case)  it  is  warmer  than  the 
frozen  land :  and  the  warmth  of  the  sea 
air  helps  to  mitigate  the  intense  cold  of 
the  land  air. 

Q.     Explain  the  cause  of  sea  waves. 

A.  The  wind,  pressing  unequally  on 
the  smface  of  the  sea,  depresses  one  part 
more  than  another ;  every  depression 
causes  a  corresponding  elevation,  and 
these  undulations  are  called  waves. 

It  must  be  remembered  that  waves  have  no  other  than  a  vertical 
motion,  i.e.  up  and  down.  Any  substance,  as  a  buoy,  floating  ou  a 
wave,  is  merely  elevated  and  depressed  alternately;  it  does  not 
otherwise  change  its  place. 

Q.  If  waves  are  stationary,  and  only  move 
up  and  down,  why  do  they  seem  to  advance  towards 
the  shore  ? 

A.  This  is  an  ocular  deception. 
When  a  corkscrew  is  turned  round,  the 
thread  appears  to  move  forward;  and 
the  apparent  onward  motion  of  the  waves 
of  the  sea  is  a  similar  delusion. 

A  wave  is  a  form,  and  not  a  thing ;  the  form  advances,  but  not 
the  substance  of  the  waves. 

Q.     What  is  the  cause  of  "  beea-KEEs  ?" 
A.    The  interference  of  rocks  or  rising 
banks  in  the  sea  with  the  regular  form 
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of  the  wave,  by  which  the  "phase"  of* 
the  curve  is  broken, 

"  The  phase  of  the  curve"  is  the  outline  or  arc  of  the  ware. 

Q.     WJiat  causes  the  speay  of  waves 
A.    The  wind  driving  the  surface  of 
the  water  from  the  top  of  the  wave,  and 
scattering   the  small   particles  in  all 
directions. 

Q.     WJiai  is  a  tide  ? 

A.  A  wave  of  the  ivhoJe  ocean,  which 
is  elevated  to  a  certain  height,  and  then 
sinks  after  the  manner  of  a  common 
wave.  The  interval  between  the  two 
positions  forms  a  tide. 

There  are  two  tides  in  a  lunar  day,  i.  e.  24  hours,  49  minutes, 

Q.      What  is  the  cause  of  tides  ? 

A.  The  principal  cause  is  the  attrac- 
tion of  the  moon  ;  which  raises  the  waters 
of  the  ocean,  as  they  come  under  her 
influence  by  the  motion  of  the  earth  on 
its  axis. 

Q.  Will/  do  toe  generally  feel  ooldee  out- 
of-doors  than  in-doors  ? 

A .  Because  the  air  is  ahvays  cliaiiging ; 
and  before  one  portion  has  become  heated 
by  our  body,  another  colder  portion  takes 
its  place,  and  absorbs  more  heat. 
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Q.  Whij  is  a  EOOM  (even  without  a  fire') 
generally  waemeb,  than  the  open  air  ? 

A.  Because  the  air  in  a  room  is  not 
subject  to  much  change,  and  soon  becomes 
of  the  same  temperatm-e  as  om*  skin, 
after  which  it  no  longer  feels  cold. 

Q.     How  fast  does  wind  travel  ? 

A.  A  gentle  breeze  goes  at  about 
the  rate  of  5  miles  an  hour.  A  high 
wind  from  20  to  60.  A  hurricane  from 
80  to  100  mdes  an  hour. 

Q.  How  is  the  yelocitt  of  winds  ascer- 
tained ? 

A.  By  observing  the  velocity  of  the 
clouds  ;  and  by  an  instrument  contrived 
for  the  purpose,  called  an  Anemometer. 

Pronounce  An-e-moni'-e-ter.    From  two  Greek  words  ave/nos 

(wind)  and  iierpov  (a  measure).  This  term  is  applied  more  fre- 
quently to  an  instnunent  which  measures  the  force  of  wind. 

Q.  How  is  the  velocity  of  the  clouds 
ascertained 

A.  By  observing  the  speed  of  their 
shadow  along  the  ground :  which  is 
found  (in  a  high  wind)  to  vary  Irom  20 
to  60  miles  an  hour. 

Q.  JVhi/  is  there  always  a  strong  deatjqht 
through  the  KEY-HOLE  of  a  door  ? 
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A.  Because  the  air  in  the  room  we 
occupy  is  warmer  than  the  air  in  the  hall; 
therefore,  the  air  from  the  hall  rushes 
thi'ough  the  hey-hole  into  the  room,  and 
causes  a  draught, 

Q.  Will/  is  tJiere  always  a  strong  draught 
TTisrBEE  tlie  door,  and  through  the  crevice  on  each 
side  P 

A.  Because  cold  air  rushes  from  the 
hall,  to  drive  the  warmer  air  up  the 
chimney. 

Q.  TT'lig  is  there  always  a  draught  through 
the  WINDOW  crevices  ? 

A.    Because  the  external  air  (being 

colder  than  the  air  of  the  room  we  occupy) 

rushes  through  the  window  crevices  to 

drive  the  warm  air  up  the  chimney. 

Q.  Ifyoiv  open  the  lower  sash  of  a  window, 
there  is  more  draught  than  if  yon. open  the  upper 
sash.    Explain  the  reason  of  this. 

A.  If  the  lower  sash  be  open,  cold 
external  air  will  rush  freely  into  the  room, 
and  cause  a  great  draught  inwards ;  but 
if  the  up'per  sash  be  open,  the  heated  air 
of  the  room  will  rush  out ;  and  (of  com'se) 
there  will  be  less  draught  inwards. 
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Cold  air  always  flows  to  the  spot  occupied  by  ■warm  air,  and  dis- 
places it,  because  it  is  hca\-ier.  Both  are  drawn  down  to  the  earth, 
by  its  attraction,  but  the  heavier  cold  air  with  the  more  force ;  it 
tl'erel'ore  occupies  the  lower  position,  and  pushes  the  warm  air 
upwards. 

Q.  Bi/  tvMch  means  is  a  boom  better  venti- 
lated— J3j/  opening  the  upper  or  lower  sash  ? 

A.  A  room  is  better  ventilated  by 
opening  the  upper  sash ;  because  the  hot 
vitiated  air  (wliich  always  ascends  towards 
the  ceihng)  can  escape  more  easily. 

Q.  Bj/  which  means  is  a  hot  boom  more 
quickly  cooled — By  opening  the  upper  or  the 
lower  sash  ? 

A.  A  hot  room  is  cooled  more  quicMij 
by  opening  the  loiver  sash ;  because  cold 
au'  can  enter  more  freely  at  the  lower 
part  of  the  room  than  at  the  upper. 

Q.     Wliy  does  wind  dbt  damp  linen  ? 

A.  Because  dry  wind  (like  a  dry 
sponge)  imbibes  the  particles  of  vapour 
from  the  surface  of  linen,  as  fast  as  they 
are  formed. 

Q.  Wliy  is  the  gallebt  of  all  puUic  places 
HOTTER  than  the  lower  parts  of  the  building  ? 

A.  B  ecause  the  heated  air  ascends  • 
and  all  the  cold  air  /Lwhich  can  enter 
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through  the  doors  and  windows),  till  itt 
has  become  heated,  remains  on  the  floor 
of  the  room. 


CHAPTER  XXIII. 


BAROMETER. 


Q.     What  is  a  bahometeb  ? 

A.  A  weather-glass,  or  instrument  to  > 
measure  the  variations  in  the  weight  of 
the  air. 

Basometek  is  a  compound  of  two  Greek  words,  Bopos  (weiiiht) 

and  fierpov  (a  measure).  It  is  called  a  weather-glass,  because 
changes  of  weather  are  indicated  by  its  varying  conditions. 

Q     WJiat  is  a  theemometee  ? 
A.    An  instrument  to  show  how  hot 
or  cold  anything  is. 

Thermometer  is  a  compound  of  two  Greek  words,  ©ep^ics 
(heat),  and  ixtrpov  (a  measure). 

Q.     What  is  the  diffeeencb    between  a 

I'HEEMOMETEE  and  a  BAEOMETEE  ? 

A.  In  a  THERMOMETER  the  mercury 
is  sealed  up  from  the  air ;  and  rises  or 
falls,  as  the  vandng  temperature  of  the 
air  expands  or  contracts  it :  but 
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In  a  BAEOMETER  the  column  of  mer- 
cury is  left  exposed  (or  open)  to  the  air, 
at  its  lower  extremity ;  and  rises  or  falls, 
as  the  varying  iveight  of  the  air  presses 
more  or  less  upon  it. 

Q.  If  the  mercuri/  of  the  thermometer  he 
SEALED  V£fro7n  the  air,  how  can  the  heat  affect 
it? 

A.  The  heat  of  the  air  passes  through 
the  glass  tube  into  the  mercury,  causing 
the  metal  to  expand  and  rise  in  the  tube. 

Q.     Whi/  is  the  tube  of  a  barometer  left  opex  ? 

A.  That  the  air  may  press  upon  the 
exposed  surface  of  the  mercury  :  As  this 
pressm-e  varies,  the  mercury  rises  or  falls 
in  the  tube. 

The  top  of  the  tube  must  be  a  "  vaatum  ;"  otherwise  the  pressure 
of  the  external  air  upon  the  lower  part  of  the  column  would  not 
affect  the  mercury  so  freely. 

Q.  For  what  peactical  purposes  is  the 
barometer  used  ? 

A.  1st — To  determine  the  height  of 
mountains  :  and 

2ndly — To  indicate  changes  of  the 
weather. 

The  barometer  was  invented  by  Toricelli,  a  pxipil  of  Galileo,  1643. 

Q.  How  can  a  baeomexee  determine  th? 
mutniT  of  a  mountain  ? 
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A.  As  the  weight  of  air  decreases 
the  higher  we  ascend,  the  mercury  of  a 
barometer  will  gradually  fall  and  indi- 
cate the  height  of  our  ascent. 

Q.  Does  the  density  or  weight  of  air  decrease 
in  any  regular  proportion  ? 

A.  Yes  ;  the  density  of  air  decreases 
upwards  in  a  regular  geometrical  series. 

Thus  at  ail  elevation  of  3  J  miles,  the  density  of  the  air  is  only  half 
what  it  is  on  the  eai'th's  surface :  at  7  miles,  only  one-fom-tli ;  at 
loi,  one-eighth;  at  14  miles,  one-sixteenth.  Though  the  atmos- 
phere probably  extends  45  or  50  miles  above  the  level  of  the  sea, 
yet  at  an  elevation  of  20  miles,  it  has  but  Uttle  weight. 

Q.     Wliat  causes  the  weight  of  air  ? 

A.  The  pressure  of  superincumbent 
strata.  Thus  in  a  pile  of  books,  the 
lower  volumes  sustain  the  weight  of 
those  piled  over  them. 

Q.  How  can  a  harometer  which  measures  the 
WEIGHT  of  air,  he  of  service  as  a  weathee  glass  '? 

A.  When  air  is  filled  with  vapour,  it 
is  lighter  than  usual ;  and  the  column  of 
mercury  stands  low.  When  air  is  dry, 
and  free  from  vapour,  it  is  heavier  than 
usual;  and  the  mercury  stands  high: 
Thus  the  barometer  (by  shewing  the 
variations  In  the   weight  of  the  air) 
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indicates  when  it  is  moist,  and  likely  to 
rain  or  not. 

Q.    Does  the  weight  of  the  air  taet  much  ? 

A.  Yes  ;  the  atmosphere  m  England 
varies  as  much  as  one-tenth  part  more  or 
less. 

Q.    0/whatvs^  is  the  babometee  to  sailors  f 
A.    It  warns  them  to  prepare  their 
ships,  before  squalls  come  on. 

Q.  Hoio  can  a  baeojvtetee  waim  sailoes  to 
prepare  their  ships  ? 

A.  As  it  indicates  when  wind,  rain, 
and  storm  are  at  hand,  the  sailor  can 
make  his  ship  trim  before  they  come 
upon  him. 

Q.  Are  there  any  eules,  which  can  be  de- 
pended on  ? 

A.  Yes ;  there  are  ten  special  rules 
to  du"ect  us  how  to  know  the  changes  of 
weather,  by  marking  the  mercury  of  a 
bai'ometer. 

Q.  Mention  the  1st  special  eule  with 
regard  to  the  barometer. 

A.  The  barometer  is  highest  of  all 
during  a  long  frost ;  and  it  generally  rises 
with  a  north-east  wind. 
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Q.  TfHiy  is  tlie  barometer  highest  of  all 
during  a  long  frost  ? 

A.  Because  the  air  is  exceedingly 
dry :  and  dry  air  causes  the  mercury  of 
a  barometer  to  rise. 

Q.  Why  does  the  barometer  generally  eise 
with  isroBTH-EAST  wiuds  ? 

A.  Because  noeth-east  winds  make 
the  air  both  cold  and  dry;  and  being 
both  condensed,  and  tvithout  vapour,  it  is 
much  heavier. 

Q.  Mention  the  2nd  special  etjle  with 
regard  to  the  barometer. 

A.  The  barometer  is  lowest  of  all 
during  a  thaw,  which  follows  a  long  frost; 
and  it  generally  falls  with  south  or  west 
•wind. 

Q.  fFhy  does  the  barometer  fall  lowest  of 
all,  at  the  BKEAKiNa  xjv  of  a  long  ekost  ? 

A.    Because  the  air  (which  had  been 

much  dried  by  the  frost)  absorbs  the 

moisture  of  the  fresh  warm  cm^rent  of 

wind  from  the  south  or  south-west ;  and 

becomes  laden  with  vapour. 

Q.  Why  does  the  barometer  fall  very  low  with 
soui'ii  and  west  winds 
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A.  Because  south  and  west  winds 
come  heavily  laden  with  vapour :  and 
vaporized  air  is  lighter  than  dnj  air. 

Q.      Wliat  effect  has  "WIND  on  the  mercury  ? 

A.    The  barometer  is  high,  when  the 

wind  blows  between  the  east  and  the 

NORTH.    But  it  is  hit),  when  the  wind 

blows  between  the  south  and  west. 

Q.  What  is  the  Srd  special  kule  with 
regard  to  the  harometer  ? 

A.  While  the  barometer  stands  above 
30,  the  air  must  be  very  dnj^  or  very 
cold,  or  perhaps  hoth, — and  no  rain  may 
be  expected. 

Q.  Why  will  there  he  no  eaix,  if  the  aie 
he  very  dry  ? 

A.  Because  dry  air  will  absorb  moist- 
ure, and  not  part  with  it  in  ram. 

Q.  Why  will  there  he  no  bain  if  the  aib 
he  very  cold  ? 

A.  Because  it  is  so  much  condensed, 
that  it  has  already  parted  with  as  much 
moisture  as  it  can  spare. 

Q.  What  is  the  4ith  special  rule  with 
regard  to  the  harometer  ? 

A.    When  the  barometer  stands  ncry 
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lolo  indeed,  there  will  never  be  much 
rain ;  although  a  fine  day  will  seldom 
occur  at  such  times. 

Q.  Wliat  kind  of  weather  is  tliere  liJcely 
to  he,  when  the  barometer  is  unusually  low  ? 

A.  Short  heavy  showers,  with  sudden 
squalls  of  ivind  from  the  west. 

Q.  Whi/  will  there  he  veet  little  eain  if^ 
the  barometer  is  ukusually  low  'i 

A.  Because  the  air  must  be  very 
warm,  or  very  moist,  or  perhaps  both. 

Q.  Why  will  there  he  little  or  no  rain,  if' 
the  AIE  is  very  waem  ? 

A.  Because  ivarm  air  has  a  tendency 
to  imbibe  more  moisture,  and  not  to  part: 
with  what  it  has. 

Q.  Why  will  there  he  little  or  no  rain,  if  the ' 
air  he  very  moist,  and  the  harometer  very  low  ? 

A.  Because  rain  will  never  fall  (evem 
tho'  the  air  be  saturated)  till  cold  air  has^ 
been  introduced  to  condense  the  vapoury 
And,  as  soon  as  cold  air  has  been  intro-- 
duced,  the  barometer  will  rise  instantly. 

Q.  Name  the  5th  SPECIAL  eule  withi 
regard  to  the  harometer. 

A.    In  summer-time  (after  a  longj 
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continuance  of  fair  weather)  the  barom- 
eter will  fall  gradiialhj  for  2  or  3  days 
before  rain  comes  :  But  if  the  fall  of  the 
mercury  is  very  sudden,  a  thunder-storm 
may  be  expected. 

Q.  What  is  the  Gth  special  ettle  with 
regard  to  the  barometer  ? 

A.  When  the  sky  is  cloudless,  and 
seems  to  promise  fair  weather, — if  the 
barometer  is  low,  the  face  of  the  sky  will 
soon  be  suddenly  overcast. 

Q.  What  is  the  7th  special  eule  with 
regard  to  the  barometer  ? 

A.  Dark  dense  clouds  will  pass  over 
loithout  rain,  when  the  barometer  is 
high:  but  if  the  barometer  be  low,  it 
will  often  rain  without  any  appearance  of 
clouds. 

Q.  What  is  the  8th  special  eule  with 
regard  to  the  barometer  ? 

A.    The  higher  the  barometer,  the 

greater  the  probability  of  fair  weather. 

Q.  Why  is  the  barometer  high  in  tine 
weather  ? 

A.  Because  the  air  in  fine  weather 
contains  very  little  vai^our.  And  the  drier 
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the  air,  the  higher  does  the  mercury  of 
the  barometer  rise. 

Q.     WJiaf  is  the  9th  SPECIAL  ecle  with 
regard  to  the  haromeier  ? 

A.  When  the  mercury  is  in  a  rising 
state,  jine  weather  is  at  hand  :  But  when 
the  mercury  is  in  a  sinking  state,  foul 
weather  is  near. 

Q.      WJig  does  the  mercury  eise  at  the  ap- 
proach of  FINE  weather  ? 

A.  Because  the  air  is  becoming 
more  dry  ;  and,  therefore,  its  pressure  is 
increased. 

Q.  Why  does  the  mercury  sink  at  the  ap-  ■  ' 
proach  of  eoul  weather  ?  ' 

A.    Because   the  air  is  laden  with' 

vapour,  or  disturbed  by  ivind.  ' 

Q.     Wliy  does  vapoue  in  the  air  make  the ' 

mercury  sink?  1 

A    Because  vaporized  air  is  lighter-  \ 

than  dry  air;  and  its  pressure  on  the'  f 

barometer  less.  r 
Q.     What  is  the  10th  special  eitle  with\  j 
regard  to  the  barometer  ? 

A.  If  (in  frosty  weather)  it  begins  to  • 
snoiu,  the  barometer  generally  rises  toi 
30;  where  it  remains,  so  long  as  the; 
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snow  continues  to  fall :  If,  after  this,  the 

weather  dears  up,  you  may  expect  very 

severe  cold. 

Q.  IToio  cm  you  hnow,  if  the  meectjby  of 
the  barometer  he  eising  ? 

A.  When  the  top  of  the  column  is 
convex,  (i.e.  higher  in  the  middle  than 
at  the  sides),  the  mercury  is  in  a  rising 
state. 

Q.  Sow  can  you  tell  if  the  mekctjet  of 
the  barometer  be  palling  ? 

A.  When  the  top  of  the  column  is 
concave  (i.  e.  hollow  in  the  middle),  the 
mercury  is  in  a  falling  state. 

Q.     Why  is  the  mercury  convex,  tchen  it  is 

EISING  ? 

A.  Because  the  parts  of  the  mercury 
in  contact  with  the  tube  are  delayed  by 
the  capillaiy  attraction  of  the  glass ;  in 
consequence  of  which,  the  middle  part 
rises  faster  than  the  sides ;  and  the 
surface  is  convex. 

Q.     Why  is  the  mercury  concave,  when  it 

is  FALLING  ? 

A.  Because  the  parts  of  the  mercury 
hi  contact  with  the  tube  ai-e  delayed  by 
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capillary  attraction;  in  consequence  of 
which,  the  middle  part  sinks  faster  than 
the  sides ;  and  the  surface  is  conca^'t:. 

Q.  What  effect  does  a  thundee-sioem^/'O- 
duce  on  the  weather  ? 

A.  It  is  generally  jjreceded  hy  hot 
weather,  and  followed  by  cold  showery 
weather. 

Q.  VVliaf  effect  does  a  sttdden  CHANaE  of 
temperature  produce  on  the  weather  ? 

A.  A  great  and  sudden  change 
(either  from  hot  to  cold,  or  from  cold  to 
hot)  is  generally  followed  by  rain  within 
24  hours. 

Q.  Why  is  a  sudden  chakge  fro7n  hot  to 
COliT)  followed  ly  rain  ? 

A.  Because  cold  condenses  the  air  : 
and  some  of  its  vapour  is  given  off  m  rain. 

Q.  Why  is  a  sudden  change  from  cold  to 
"KOi:  followed  hy  rain  ? 

A.  Because  the  air  is  quickly  satura- 
ted with  moisture :  but  when  night  comes 
on,  and  chills  the  temperature,  some  of 
the  abundant  moistm'e  is  given  off  in 
rain. 
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Q.  Why  is  tlie  air  quicHg  sattjeated  witli 
MOisTTJUE,  wlien  HEAT  rapidly  succeeds  to  cold  ? 

A.  Because  the  evaporation  (which 
was  checked  by  the  cold)  is  carried  on 
very  rapidly  in  consequence  of  the  in- 
crease of  temperature. . 

Q.     When  does  the  harometer  taut  most  ? 

A.    In  winter  time. 

Q.  Wliy  does  the  harometer  vary  mobe  in 
"WINTER,  than  in  summer  time  ? 

A.  Because  the  difference  of  temper- 
ature between  the  torrid  and  temperate 
zones  is  much  greater  in  winter  than  in 
summer ;  and  produces  a  greater  distur- 
bance in  the  state  of  the  au\ 

Q.     When  does  the  harometer  vary  least  ? 

A.    In  summer  time. 

Q.  Wliy  does  the  harometer  vary  less  in 
BiJMMER,  than  in  winter  ? 

A.    Because  the  temperatm-e  of  our 

island  in  summer  is  more  nearly  equal 

to  that  of  the  torrid  zone,  and  its  state 

is  not  so  much  disturbed  by  interchange 

of  cmi'ents. 

Q.  Save  heat  and  cold  ani/  effect  on  the 
harometer  ? 
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A.  No,  not  of  themselves ;  but  as  cold 
weather  is  generally  drtj,  or  accompanied 
Avith  north-east  winds,  therefore  the  mer- 
cury rises  in  cold  weather  :  And  as  warm 
weather  is  g(nerally  moist,  and  accom- 
panied by  south-west  winds,  therefore 
the  mercury  sinks  in  warm  weather. 

Q.  TFJ/1/  is  the  mercury  of  a  barometer 
LOWEE  in  the  toerid,  than  in  the  feigid  zone  ? 

A.  Because  the  warm  air  of  the  torrid 
zone  contains  much  more  vapour,  than 
the  condensed  air  of  the  frigid  zone ;  and 
the  moister  the  air,  the  less  is  its  pressure. 

Q.     In   what  MONTHS   is   the  barometer 

HIGHEST  ? 

A.  In  May  and  August ;  then  in 
June,  March,  September,  and  April. 

Q.    In  what  MONTHS  is  the  barometer  lowest? 
A.    In   November    and  Februaiy: 
then  in  October,  July,  December,  and 

January. 

Q.     Wliat  are  the  deIest  months  ? 

A.  March  and  June ;  then  May  and 
August;  then  April  and  November. 

Q.      What  a/)'e  the  wettest  months  ? 

A.    October   and    February;  then 
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July  and  September ;  then  January  and 
December. 

Q.  Why  is  there  less  wet  from  Maech  to 
August,  than  there  is  from  August  to  March  ? 

A.  Because  the  heat  is  constanthj 
increasing;  and  the  capacity  of  air  to 
absorb  and  retain  moisture  increases 
hkewise. 

Q.  Will/  is  there  moee  wet  from  August  to 
Maech,  than  from  March  to  August? 

A.  Because  the  heat  is  constanthj 
decreasing :  and  the  capacity  of  air  to 
retain  moisture  decreases  also ;  so  that 
(although  it  often  rains)  yet  the  air  is 
always  on  the  point  of  saturation, 

Q.  What  does  a  sudden  rise  or  fall  of  the 
barometer  indicate  ? 

A.  If  the  rise  be  sudden,  line  weather 
will  not  continue  long. 

If  the  fall  be  sudden,  foul  weather 
will  not  continue  long. 

Q.  What  sort  oj  weather  may  we  expect,  if 
the  barometer  is  very  eluctuating  ? 

A.  If  the  mercury  fluctuates  much, 
the  weather  will  be  very  changeable  and 
^lnsettled. 
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The  EALL  of  the  barometer. 

In  veiy  /(oit  weather,  tlie  I'all  of  the  mercury  denotes  thunder; 
other-wise,  the  sudden  falling  of  the  barometer  denotes  high 
wind. 

In  f  rosty  weather,  the  fall  of  the  barometer  denotes  thaw. 

If  ivet  Aveathcr  happens  soon  after  the  fall  of  the  barometer, 
expect  but  little  of  it. 

In  wet  weather,  if  the  barometer  falls,  expect  much  wet. 

In  fair  weather,  if  the  barometer  falls  and  remains  low,' 
expect  much  wet  in  a  few  days,  and  probably  wind. 

N.B.  The  barometer  siuljs  lowest  of  all  for  wind  and  rain 
together ;  next  to  that  for  wind,  (except  it  be  an  east  or  north- 
east wind.) 

The  rise  of  the  barometer. 

In  winter,  the  rise  of  the  barometer  presages  frost. 

In  frosty  weather,  the  rise  of  the  barometer  presages  snow. 

If  fair  weather  happens  soon  after  the  rise  of  the  barometer, 
expect  but  little  of  it. 

In  wet  weather,  if  the  mercury  rises  high  and  remains  so, 
expect  continued  7?wc  weather  in  a  day  or  two. 

In  wet  weather,  if  the  mercury  rises  suddenly  very  high,  fine 
weather  wUl  not  last  long. 

N.B.  The  barometer  rises  highest  of  all  for  north  and  east 
wind ;  for  aU  other  winds  it  sinks. 

The  barometer  TOSETTLED. 

If  the  motion  of  the  mercury  be  wisettled,  expect  unsettled 
weather. 

If  it  stand  at  "  much  rain"  and  rise  to  "  changeable," 
expect  fair  weather  of  short  continuanee. 

If  it  stand  at  "  fair"  and  faU  to  "  changeable,"  expect 
fovl  weather. 

N.B.  Its  motion  upwards,  indicates  the  approach  of  fine 
weather ;  its  motion  downwards,  indicates  the  approach  of  foul 
weather. 
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SNOW.   HAIL.  RAIN. 


Q.     What  is  SKow  ? 

A.  The  condensed  vapour  of  the  air 
frozen,  and  precipitated  to  the  earth. 

Q.     WTiat  is  the  cause  of  snow  ? 

A.  When  the  air  is  nearly  saturated 
with  vapour,  and  condensed  by  a  current 
of  air,  beloto  freezing  point,  some  of  the 
vapour  is  precipitated  in  a  crystalhne 
form  as  snow. 

A  few  years  ago,  some  fishermen  (who  wintered  at  Nova-Zembla), 
after  they  had  been  shut  up  in  a  hut  for  several  days,  opened  the 
window  ;  and  the  cold  external  au'  rushing  in,  instantly  condensed  the 
air  of  the  hut,  and  its  vapour  feU  on  the  floor  i?i  a  shower  of  snow. 

Q.     Will/  does  S'SO'W  fall  in  winteb  time  ? 

A.  Because  the  sun's  rays  are  too 
oblique  to  heat  the  surface  of  the  earth ; 
and  (as  the  earth  has  but  httle  heat  to 
radiate  into  the  air)  the  air  is  very  cold. 

Q.     What  is  the  cause  of  sleet  ? 

A.  When  flakes  of  snow  (in  their 
descent)  pass  through  a  bed  of  air  above 
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freezing  point,  they  partially  melt;  and 
fall  to  the  earth  as  half-melted,  sncw,  or 
sleet. 

Q.     WTiaf  is  the  use  of  snow  ? 

A.  To  keep  the  earth  warm,  and  to 
nourish  it. 

Q.     Why  does  snow  heep  the  eauth  waem 

A.  Because  it  is  a  very  had  con- 
ductor ;  in  consequence  of  which,  whe 
the  earth  is  covered  with  snow,  its  tem- 
perature very  rarely  descends  helowi 
freezing  point,  even  when  the  air  is  15. 
or  20  degrees  colder. 

Q.  Tdl  me  the  words  of  the  Psalmist  (cxlviii 
16)  respecting  snow  ;  and  explain  what  he  means. 

A.  The  Psalmist  says — "  The  Lor 
giveth  snow  like  wool ; "  and  he  means 
not  only  that  snow  is  white  like  wooll 
but  that  it  is  also  warm  as  wool. 

Q.       Wliy  is  -WOOL  WAEM  ? 

A.    Because  air  is  entangled  among 
the  fibrQS  of  the  wool :  and  au'  is  a  ve 
bad  conductor. 

Q.       Why  is  SNOW  WAEM  ?  - 

A.  Because  air  is  entangled  ;  m  jug; 
the  crystals  of  the  snow ;  and  aii-  is  a 
very  had  conductor. 
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Q.  Why  does  snow  nourish  the  earth.  ? 
A.  Because  it  supplies  moisture  con- 
taining carbonic  acid;  which  penetrates 
slowly  into  the  soil,  and  insinuates  itself 
through  every  clod,  ridge,  and  fuiTOw, 
'when  the  snow  melts. 

Q,     Whi/  is  there  NO  SNOW  in  summer  time  f 
A.    Because  the  ]uat  of  the  earth  melts 
it  in  its  descent,  and  pre  '^.nts  it  from 
reaching  the  surface  of  the  earth. 

Q.  Why  are  some  mountains  always  cov- 
ered loith  snow  ? 

A.  1st — Because  the  air  on  a  high 
mountain  is  more  rarefied ;  and  as  rare- 
fied air  retains  much  heat  in  a  latent 
state,  it  abstracts  heat  from  adjacent 
bodies  more  rapidly  than  condensed  air 
would  :  and 

Sudly — Mountain  tops  are  not  sur- 
rounded hj  earth,  to  radiate  heat  into  the 
air :  and,  therefore,  the  snow  is  not 
melted  in  its  descent,  but  falls  on  the 
mountain  and  lies  there. 

Q.     Why  is  SNOW  white  ? 

A.    Because  it  is  formed  of  an  infinite 
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number  of  very  minute  crystals  and 
prisms,  which  reflect  all  the  component 
rays  of  which  white  light  consists. 

The  same  answer  applies  to  salt,  loaf  sugar,  &c.    {Seep.  419.) 
Q.      What  is  HAIL  ? 

A.    Rain,  which  has  passed  in  its 

descent  through  a  cold  bed  of  air,  and 

has  been  frozen  into  ice. 

Q.  Wliat  makes  one  hed  of  air  COLDEE  than 
another  ? 

A.  The  causes  are  not  perfectly 
known ;  electrical  action  is  most  probably 
among  them. 

Q.  Wiht/  is  HAIL  frequently  accompanied 
with  THUNDER  and  lightning  ? 

A.  1st — Because  the  congelation  of 
water  into  hail,  disturbs  the  electricity 
of  the  air  :  and 

Sndly — The  friction  (produced  by  the 
fall  of  hail)  may  possibly  excite  it  still 
more. 

Q.     WlbTj  does  KAih/all  generally  in  sitiimee 

am,d  AUTUMN  ? 

A.  1st — Because  the  air  is  more 
highlij  electrified  in  summer  and  autumn, 
than  in  winter  and  spring :  and 
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Sndly — The  vapours  in  summer  and 
autumn  (being  rarefied)  ascend  to  more 
elevated  regions,  which  are  colder  than 
those  nearer  the  earth. 

Q.     What  TWO  things  are  essential  to  cause 

HAIL  ? 

A.  Two  strata  of  clouds  having 
opposite  electricities,  and  two  currents  of 
ivind.  The  loiver  cloud  containing  resin- 
ous electricity,  is  the  one  precipitated  in 
hail. 

Q.     What  is  EAIN  ? 

A.  The  vapour  of  the  clouds  or  air 
condensed,  and  precipitated  to  the  earth. 

Q.  When  is  the  vapour  of  the  air  or  clouds 
PEECIPITATED  in  hail,  rain,  or  snow  ? 

A.  When  the  air  is  saturated  with 
vapour,  and  a  cold  current  condenses  it,  it 
is  then  no  longer  able-to  hold  all  its  vapour 
in  solution,  and  some  of  it  falls  as  rain. 

Q.     Wh7/  does  TLAmfall  in  drops  ? 

A.  Because  the  vapoury  pai'ticles  in 
their  descent  attract  each  other;  and 
those  which  are  sufficiently  near,  unite, 
and  form  into  drops. 
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Q.  Why  does  not  the  cold  of  night 
ALWAYS  cause  rain  ? 

A.  Because  the  air  is  not  always 
near  saturation  :  And  unless  this  be  the 
sase,  it  will  be  able  to  hold  its  vapour 
in  solution,  even  after  it  has  been  con- 
densed by  the  chilly  night. 

Q.     Whxj  does  a  passing  cloud  often  drop 

EAIN? 

A.  Because  it  comes  in  contact  with 
cold  air,  which  chills  it ;  and  its  vapour 
being  condensed,  falls  to  the  earth  as 
rain. 

Q.      Why  are  batn-drops  sometimes  much 
LARGER,  than  at  other  times  ? 

A.  Because  the  rain-cloud  is  floating 
near  the  earth ;  when  this  is  the  case,  the 
drops  are  large,  because  such  a  cloud  is 
much  more  dense,  th9,n  one  more  elevated. 

The  size  of  the  rain-drop  is  also  Increased,  according  to  the 
rapidity  with  which  the  vapours  are  condensed. 

Q.     Does  not  WIND  sometimes  increase  the 
SIZE  of  rain-drops  ? 

A.    Yes ;    by  blowing  two  or  more 

drops  into  one. 

Q.     Wliy  do  CLOUDS  PALL  in  rainy  loeather  i  ' 
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A.  1st — Because  they  are  heavy  with 
abundant  vapour :  and 

Sndly — The  density  of  the  air  being 
diminished,  is  less  able  to  buoy  the  clouds 
up. 

Q.  Kow  do  you  Kifow,  tliat  the  density  of 
tlie  air  is  diminished  in  eaint  weather  ? 

A.  Because  the  mercury  of  a  barom- 
eter falls. 

Q.     Why  is  ra.in-watee  more  pertilizijtg-, 

than  FVMP-ioater  / 

A.  1st — Because  it  contains  more 
carbonic  acid:  and 

2ndly — It  contains  a  small  quantity 
of  ammonia,  with  which  it  supplies  the 
young  plants, 

Q.     Why  does  EA.IN  purify  the  air  ? 

A.  1st — Because  it  dissolves  the  nox- 
ious exhalations  collected  in  the  air  as  it 
falls. 

2ndly — It  mixes  the  air  of  the  upper 
regions  with  that  of  the  lower  regions : 
and 

3rdly — It  washes  the  earth,  and  sets  in 
motion  the  stagnant  contents  of  sewers 
and  ditches. 
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Q.  WJiy  are  moutntainous  countries  more 
EAiNT,  than  flat  ones  ? 

A,  Because  the  air  (striking  against 
the  sides  of  the  mountains)  is  carried,  up 
the  inclined  plane,  and  hrouglit  in  contact 
with  the  cold  air  of  the  higher  regions : 
in  consequence  of  which,  its  vapour  is 
condensed,  and  deposited  in  rain. 

Q.     Why  does  a  sponge  swell,  when  it  is 

"WETTED  ? 

A.  Because  the  water  penetrates  the 
•pores  of  the  sponge  by  capillary  attraction, 
and  drives  the  -^oxiidQ^  further  from  each 
other  :  in  consequence  of  which,  the  hulk 
of  the  sponge  is  greatly  increased. 

Q.  Why  do  'EiDDijS-strinys  snap  in  wet 
weather  ? 

A.  Because  the  moisture  of  the  air 
(penetrating  the  strings)  causes  them  to 
swell;  and  (as  the  cords  thicken)  their 
tension  is  increased,  and  the  strings  snap. 

Q.     Why  does  papee  puckeb,  when  it  is 

WETTED  ? 

A.  Because  the  moisture  is  absorbed 
unequally  by  the  paper,  and  some  pai'ts 
are  more  enlarged  than  others  :  in  con- 
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'^quence  of  which,  the  paper  blisters  or 
^  ackers. 

Q,  PFAy  do  the  weather-toys  {called  cap'u- 
OHiNs)  lift  a  cowl  over  the  figures  in  wet  weather, 
and  remove  it  in  dry  ? 

A.    Because  the  cowl  of  the  cap'uchm 

is  attached  to  a  piece  of  cat-gut  in  such 

a  manner,   that  when  the  cat-gut  is 

shortened  hy  moisture,  it  pulls  the  cowl 

up  :    but  in  dry  weather  the  string  is 

loosened,  and  the  cowl  falls  down  by  its 

own  weight. 

Q.  In  another  iveather  toy,  the  man  comes 
out  in  WET  weather,  and  the  lady  in  FiNf; ;  Why 
is  this  ? 

A.  Because  the  two  figures  are  at- 
tached to  a  piece  of  cat-gut  in  such  a 
manner,  that  when  the  cat-gut  is  moist 
it  twists  the  man  out;  but  when  it  is 
loosened,  the  figures  turn  in  the  opposite 
direction. 

Q.     Why  are  wet  stockings  difeicult  to 

PTILL  ON  ? 

A.  1st — Because  the  moisture  pene- 
trates the  threads  of  the  stockings,  and 
causes  them  to  shrinh  in  size :  and 
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Snclly — Because  the  moisture  causes 

the  stockings  to  adhere  to  our  feet. 

Q.  Which  are  the  most  eaint  towns  in 
England  ? 

A.  Keswick  (in  Cumberland) :  and 
then  Kendal,  (a  mai^ket  town  in  West- 
moreland.) 

In  Keswick,  about  63  inches  of  rain  fall  in  a  year.  In  Kendal, 
58;  Manchester,  38  ;  Liverpool,  34 ;  Bublin  and  Cambridge,  25 ; 
Lincoln,  24 ;  Loudon,  21  ;  and  in  Paris  only  18. 

Q.  In  which  ^KKiofthe  DAT  does  the  most 
UAiif  fall  ? 

A.  More  rain  falls  by  niglit^  than  by 
day;  because  the  cold-  night  condenses 
the  air ;  and  diminishes  its  capacity  for 
holding  vapour  in  solution. 

Q.     Does  more  rain  fall  in  stjmmee  or  in 

•WINTEE  ? 

A.  There  are  more  rainy  days  from 
September  to  March :  but  heavier  rains 
between  March  and  September. 

Q.     Why  are  there  moee  eaint  days  fro7n 
Septemler  to  March,  than  from  March  to  Sep- 
■  temher  ? 

A.  Because  the  temperature  of  the 
air  is  constantly  decreasing  ;  and  as  its  ca- 
pacity for  holding  vapour  decreases  also, 
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it  is  frequently  obliged  to  part  with 
some  of  its  vapour  in  rain. 

Q,     In  lohat  PAET  of  the  world  does  eaiit 

fall  MOST  ABUNDANTLY  ? 

A.  Near  the  equator ;  and  the  quan- 
tity of  rain  decreases  as  we  approach  the 
poles. 

There  are  fewer  rainy  days,  altho'  more  rain  actually  falls  during 
the  wet  season  of  the  equator — than  falls  in  twelve  months  at  any 
other  part  of  the  globe. 
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Q.     Of  what  is  WATER  composed ? 
A.    Of  two  gases,  oxygen  and  hydro- 
gen. 

In  9  lbs.  of  water — 8  are  oxygen,  and  one  is  hydrogen. 
Q.       Why  is  WATER  ]?LUID  ? 

A.  Because  its  particles  are  kept 
separate  by  latent  heat :  When  a  cer- 
tain quantity  of  this  latent  heat  is  driven 
out,  ivater  becomes  solid,  and  is  called  ice. 

By  increasing  its  latent  hoat,  the  particles  of  water  are  again 
subdivided  into  invisible  atcam. 
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Q.    Why  is  PUMP  water  called  "  haed  water  /" '  1 

A.    Because  it  is  laden  witii  foreign  i' 
matters,  and  will  not  readily  dissolve  i 
substances  immersed  in  it.  r 

Q.     What  maJces  'svws-water  haed  ? 

A.  When  it  filters  through  the  earth 
it  becomes  impregnated  with  the  sulphate 
and  carbonate  of  lime,  as  well  as  with 
many  other  principles  derived  from  the 
earths  and  minerals  with  which  it  comes 
in  contact. 

Q.     What  is  the  cause  of  minbeal  bpeii^gs  ? 

A.    When  water  trickles  through  the 
ground,  it  dissolves  some  of  the  substan- 
ces with  which  it  comes  in  contact :  if ' 
these  substances  are  metallic,  the  water 
will  partake  of  theii  nuiieral  character. 

Some  water  is  imbued  ■with  lime  ;  some  with  salt,  &c.,  &c. 

Q.     Why  is  it  difficult  to  wash  our  hands 
clean  with  haed  water  ? 

A.  Because  the  soda  of  the  soap 
combines  with  the  sulphuric  acid  of  the 
salts  of  hard  water, — and  the  oil  of  tlie 
soap  with  the  lime — and  floats  in  flakes 
on  the  top  of  the  water. 

N.B.— Sxilphate  of  lime  consists  of  sulpL'  iric  acid  and  lime. 


I 


SOAP — PETRIFACTIONS.  361 


Q.     Why  is  it  difficult  to  wasJi  in  salt 

"WATER  ? 

A.  Because  it  contains  saline  matters, 
which  deprive  the  water  of  a  portion  of 
its  solvent  power. 

Q-     What  is  the  cause  of  peteiitactioks  ? 

A.  While  water  flows  underground 
its  impurities  are  held  in  solution  by  th( 
presence  of  carbonic  acid ;  but  wher 
the  stream  reaches  the  open  air,  its  car- 
bonic acid  escapes,  and  these  impurities 
are  precipitated  on  various  substances 
lying  in  the  course  of  the  stream. 

These  impurities  are  especially  carbonate  of  lime  and  iron. 

Q.     Why  does  a  black  hat  turn  bed  at  the 

SEA  SIDE  ? 

A.  Because  chloride  of  iron  is  formed 
by  chemical  action,  between  the  compo- 
Inents  of  iron  and  the  chlorine  existing  in 
the  dye  and  sea  air ;  the  chloride  of  iron 
afterwards  decomposes,  and  forms  perox- 
ide of  iron,  which  causes  the  rusty  hue. 

,     Q.     Of  what  is  SOAP  made  ? 

A.  Of  kelp  (or  the  ashes  of  sea-weed 
dned  and  burnt  in  a  pit)  mixed  with  oil 
or  fat. 

Yet.t.ow  Soap  is  made  of  whale-oil,  soda,  and  resin.  Soft  Soap 
of  oil  and  potujil"-    Uauh  Soap  of  oil  uiul  soda.  I  a 
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Q.     Why  does  water  clean  dirty  linen  ? 
A.    Because  it  dissolves  the  stains,  as 
it  would  dissolve  salt. 

Q.     Wliy  does  soap  greatly  increase  the 
cleansing  power  of  water  ? 

A.    Because  many  stains  are  of  a  ;| 
greasy  nature ;  and  soap  has  the  power  \ 
of  uniting   with  greasy  matters,  and 
rendering  them  soluble  in  water. 

Q.     Why  is  BAIN  water  soet  ? 

A.  Because  it  is  not  impregnated  j 
with  earths  and  minerals.  \ 

Q.  Why  is  it  more  east  to  wash  with  soft  ■ 
tvater,  than  with  hard?  : 

A.  Because  soft  water  unites  freely  j 
with  soap,  and  dissolves  it;  instead  ofj 
decomposing  it,  as  hard  water  does.  I 

Q.  Why  do  WOOD  ASHES  maJce  hard  toafer  i 
soft  ?  ! 

A.    1st — A    double    decomposition  ' 
takes  place  :  the  carbonate  of  potassa 
in  the  ashes,  and  the  sulphate  of  lime  in 
the  water  unite,  and  form  into  sulphate 
of  potassa  and  carbonate  of  lime. 

9ndly — Wood  ashes  convert  some  of 
the  soluble  salts  of  water  into  insoluble, 
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and  throw  them  down  as  a  sediment : 
by  which  means  the  water  is  rendered 
more  pure. 

Q.  Why  has  TiMiH-water  such  an  ttntleasant 
SMELL,  when  collected  in  a  tub  or  tank  ? 

A.  Because  it  is  impregnated  with 
decomposed  organic  matters,  washed  from 
roofs,  trees,  or  the  casks  in  which  it  is 
collected. 

Q,    Why  does  watee  melt  stjgae  and  salt  ? 

A.  Because  very  minute  particles  of 
water  insinuate  themselves  into  the  pores 
of  the  sugar,  by  capillary  attraction  :  and 
unite  with  the  minute  atoms  of  the 
sugar. 

Q.  Wliy  does  melted  SUG-AR  or  salt  ffive  a 
flatoue  to  water  ? 

A.  Because  the  sugar  or  salt  (being 
disunited  into  very  minute  particles) 
fjOats  about  the  water,  and  mixes  with  it 
intimately. 

Q.  Wliy  does  hot  water  melt  sugar  and  salt 
QUICKEE  than  COLD  water  P 

A.  Because  the  heat  (entering  the 
pores  of  the  sugar  or  salt)  opens  a  passage 
for  the  water. 

T  ft  <> 
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Q.     Why  is  s^A-water  brackish  ? 

A.  Because  it  holds  in  solution  a 
quantity  of  saline  matter^  of  whicK  com- 
mon salt  is  the  principal  ingredient. 

According  to  a  recent  analysis,  1000  ^ains  of  sea-water  from  the 
British  Channel  contained  27  g^rains  of  common  salt,  and  about  8 
gi'ains  of  other  saline  matter. 

Q.  Wliy  is  NOT  TiAm-ivater  salt,  although 
most  of  it  is  evaporated  from  the  sea  ? 

A.    Because  saline  matter  will  not 
evaporate :    and,  therefore,  when  sea- 
water  is  turned  into  vapour,  its  salt  is^ 
left  behind. 

Q,     Why  does  stagnant  water  puteeft  ? 

A.    Because  leaves,  plants,  insects,, 

&c.,  are  decomposed  in  it. 

Q.  TTJiy  is  stagnant  water  full  q/"  wo  ems, 
INSECTS,  Sfc.  ? 

A.  Because  numberless  insects  lay 
their  eggs  in  the  leaves  and  plants  float- 
ing on  the  surface  ;  these  eggs  are  soon 
hatched,  and  produce  swarms  of  worms 

and  insects. 

Q.     Why  is  FLOWING  water  free  from\ 

IMPTJEITIES  ? 

A,  Because  its  currents  carry  away 
all  contaminating  substances  to  the  sea, 
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as  fast  as  they  appear  in  it ;  and  there 

t  hey  are  diffused  through  so  large  a  mass 

of  fluid,  that  they  become  inappreciable. 

Q.  Wh^  does  EUNNiSTG  water  oscillate  and 
WHiEL  in  its  current  ? 

A.  1st — Because  it  strides  against 
the  hardis,  and  is  perpetually  diverted 
from  its  forward  motion  :  and 

Sndly — Because  the  centre  of  a  river 
flows  faster  than  its  sides. 

Q.  Why  do  the  sides  of  a  river  flow  more 
lAEDiLT  than  its  centee  ? 

A.  Because  they  nd)  against  the 
hanhs,  and  are  delayed  in  their  current 
3y  friction. 

Q.     W hy  does  soapy  water  bubble  ? 

A.  Because  soap  makes  ivater  tena- 
cious ;  and  prevents  the  bubbles  from 
mrsting,  as  soon  as  they  are  formed. 

Q.    Why  loill  not  water  huhhlewiTROVT  soap? 

A.  Because  it  is  not  tenacious  enoueh 
;o  hold  together  the  hubUes  that  are 
brmed. 

Q.  When  goap-bubbles  are  blown  from  a 
npe,  why  do  they  ascend  Y 

A.  Because  they  are  filled  with  the 
varm  breathy  which  is  lighter  than  air. 
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Q.     TVhaf  is  ICE  ? 

A.  Fkozen  watee.  When  the  tem- 
perature of  the  air  is  reduced  to  32 
degrees,  water  will  no  longer  remain  in 
a  fluid  state. 

Q.     Whi/  is  SOLID  ICE  LIGHTER  tJian  "WATEE  ? 

A,  Because  water  expands  by  freez- 
ing :  and  as  its  bulh  is  increased,  its 
gravity  must  be  less. 

Nine  nubic  inches  of  water  become  ten  ■when  frozen. 

Q.  WJiy  do  EWEES  BEEAK  W  O  EEOSTT 
NIGHT  ? 

A.    Because  the  water  in  them  freezes ; 

and  {expanding  by  frost)  bursts  the  ewers 

to  make  room  for  its  increased  volume. 

Q.  WJiT/  does  it  not  expand  tjpwaeds  (like 
boiling  water)  and  eun  otee  ? 

A.  Because  the  surface  is  frozen  first; 
and  the  frozen  surface  acts  as  a  plug, 
which  is  more  difficult  to  burst,  than  the 
earthen  ewer  itself. 


FREEZING. 


367 


Q.  Why  do  TILES,  STONES,  and  eocks,  often 
SPLIT  in  winter  ? 

A.  Because  the  moisture  in  them 
freezes;  and  (expanding  by  fi:ost)  splits 
the  solid  mass. 

Q.  In  ivinte?'-tiine,  rooT-MAUKS  and  wheel- 
EtJTS  are  often  covered  with  an  icy  net-work, 
through  the  interstices  of  which  the  soil  is  clearly 
seen, — Why  does  the  water  freeze  in  net-work? 

A.  Because  it  freezes  first  at  the 
sides  of  the  foot-prints :  other  crystals 
gradually  shoot  across,  and  would  cover 
the  whole  surface,  if  the  earth  did  not 
absorb  the  water,  before  it  had  time  to 
freeze. 

Q.  In  winter  time,  these  foot-marks  and 
WHEEL-RUTS  are  mmetimes  covered  with  a  perfect 
SHEET  of  ice,  and  not  an  icy  net-work, —  IVhy  is 

THIS  ? 

A.  Because  the  air  is  colder,  and  the 
earth  harder,  than  in  the  former  case ;  in 
consequence  of  which,  the  entire  surface 
of  the  foot-print  is  frozen  over,  before  the 
earth  has  had  time  to  absorb  the  water. 

Q.  Wliy  is  not  the  ice  solid  in  these  ruts  ? 
— AVuT  is  there  only  a  very  thin  film  or  net- 
work of  ice  / 
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A.  Because  the  earth  absorbs  most  of 
the  icater,  and  leaves  only  the  icy  flm 
behind. 

Q.  Will/  do  WAT'E^-^l'sy%  frequently  buest 
in  riiosTT  weather  ? 

A.  Because  the  water  in  \ki&m.  freezes ; 
and  {expanding  by  frost)  hursts  the  pipes 
to  make  room  for  its  increased  volume. 

Q.  Does  not  wafer  expand  hy  heat,  as  well 
as  hy  COLD  ? 

A.  Yes  ;  it  expands  as  soon  as  it  is 
more  than  40  degrees,  till  it  boils  ;  after 
which  time  it  flies  off  in  steam. 

Freezing  water,  32o.  212"  Boiling  -water. 


Here  A  B  measures  the  bull;  of  a  portion  of  -water  at  40  degrees. 
It  goes  on  increasing-  in  bulk  to  C  D,  -when  it  boils. 
It  also  goes  on  increasing  in  bulk  to  E  1',  ivhen  it  freezes. 

Q.  When  does  watee  legin  to  ^'x.VKS'ofrom 
cold? 

A.  When  it  is  reduced  to  40  degrees. 
It  is  wisely  ordained  by  God  that  water 
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shall  be  an  exception  to  a  very  general 
rule,  it  contracts  till  it  is  reduced  to  40 
degrees,  and  then  it  expands  till  it  freezes. 

The  general  rule  is  this — That  cold  condenses  and  contracts  the 
volume  of  nearly  every  thing ;  but  water  is  not  contracted  by  cold 
after  it  has  reached  40  degrees. 

Q.     Why  does  water  expand  when  it  freezes  ? 

A.  Because  it  is  converted  into  solid, 
crystals,  which  do  not  fit  so  closely  as  the 
particles  of  water  did. 

Q.     Will/  is  the  bottom  of  a  river  seldom: 

FEOZEN  ? 

A.    Because  water,  when  it  becomes 

colder  than  40  degrees,  ascends  to  the 

siu-face ;  and  (if  it  freezes)  floats  there, 

till  it  is  melted. 

Q.  Shoio  the  WISDOM  of  God  in  this  won- 
derful exception  to  a  general  law. 

A.  If  ice  were  heavier  than  ivater,  it 
should  sink;  and  a  river  would  soon 
3ecome  a  solid  bloch  of  ice,  which  could 
lever  be  dissolved. 

Q.  TFhi/  does  not  ice  on  the  stteeace  of  a 
•iver  CHILL  the  water  beneath,  and  freeze  it  ? 

A.  1st — Because  water  is  a  very  bad 
conductor,  and  is  heated  or  chilled  by 
:;oNVECTioN  only :  and 
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2ndly — The  ice  on  the  surface  acts  as 
a  shield,  to  prevent  cold  ah'  from  penetra- 
ting through  the  river,  to  freeze  the  water 
below  the  surface. 

Q.       Will/  does  "WATE2  FEEEZB  at  the  SUE- 
TA.CSjl}'St  ? 

A.  Because  the  surface  is  in  contact 
with  the  air,  and  the  air  carries  aioay  its 
heat. 

Q.     W7ii/  does  the  coat  of  ice  grow  thickeb 
and  THICKER,  if  the  frost  continttes  ? 

A.    Because  the  heat  of  the  water 

(immediately  below  the  frozen  surface) 

passes  through  the  pores  of  the  ice  into  the  j 

cold  air.  I 

Q.  Why  are  not  whole  eiyers  eeozex  • 
(layer  hy  layer),  till  they  lecome  solid  ice  ? 

A.    Because  water  is  so  slow  a  con-  ; 
ductor,  that  our  frosts  never  continue  ^ 
long  enowjh  to  convert  a  whole  river  into 
a  solid  mass  of  ice,  I 

Q.     Why  does  not  eitnking  water  freeze  so 
FAST  as  STILL  water  ? 

A.  Because  the  rapid  motion  of  the 
current  prevents  the  crystals  from  form- 
ing into  a  continuous  surface. 
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Q.     When  etjnning  water  is  feozen,  why 

is  the  ICE  generally  very  eough  ? 

A.  Because  little  flakes  of  ice  are 
first  formed  and  carried  down  the  stream, 
till  they  meet  some  obstacle  to  stoj)  them; 
then  other  flakes  of  ice  (impinging  against 
them)  are  arrested  in  like  manner  :  and 
the  edges  of  the  different  flakes  overlap- 
itig  each  other,  make  the  surface  rough. 

Q.  Why  do  SOME  parts  of  a  river  eeeezb 
LESS  than  others  ? 

A.    Because  springs  issue  from  the 

bottom ;  and,  bubbhng  upwai'ds,  thaw 

the  ice,  or  make  it  thin. 

Q.  When  persons  eall  into  a  river  in  loin  ter, 
why  does  the  WATEE_/eeZ  comparatively  waem  ? 

A.  Because  the  frosty  air  is  at  least 
10  or  12  degrees  colder  than  the  water. 

The  frozen  river  below  its  surface  is  at  least  40u ;  but  the  air  32o, 
ur  even  less. 

Q.  Why  is  SHALLOW  loater  feozejt  more 
QUICKLY  than  deep  loater  ? 

A.  Because  the  lohole  volume  of  water 
must  be  cooled  to  40  degrees,  before  its 
surface  can  be  frozen :  and  it  takes  a 
longer  time  to  cool  down  a  deep  bed  of 
water,  than  a  shallow  one. 

.      Q.       Why  is  SEA-WATBE  BAEELY  FEOZEN  ? 
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A.  1st — Because  the  mass  of  water 
ts  so  great,  that  it  requires  a  very  long 
time  to  cool  the  whole  volume  down  to 
40  degrees  : 

2ndly — The  ehh  and  floiv  of  the  sea 
interfere  with  the  cooling  influence  of 
the  air :  and 

3rdly — Salt  water  never  freezes,  till 
the  surface  is  cooled  down  4  or  5  degrees 
below  the  freezing  point  of  fresh  water. 

Q.     Whi/  do  some  laK3;s  eaeelt  (if  ever) 

TEEEZE  ? 

A.  1st — Because  they  are  venj  deep  : 
and 

Sndly — Because  their  water  is  supplied 
by  springs,  which  bubble  from  the  bottom, 

Q.  Will/  does  the  depth  of  water  retaed 
its  freezing  ? 

A.  Because  the  ivliole  volume  of  water 
must  be  reduced  to  40  degrees,  before 
the  surface  will  freeze :  and  the  deeper 
the  water,  the  longer  it  will  be  before  the 
whole  volume  is  thus  reduced. 

Q.  Wliy  do  SPEiNGS  at  the  bottom  of  a  lake 
pee  VENT  its  freezing  ? 

A.  Because  they  continually  send 
forth  fresh  water ^  which  prevents  the  lake 
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from  being  reduced  to  the  necessary 
degree  of  coldness. 

Q.  It  is  COLDEE  in  a  thaw  tlian  in  a  peost. 
Explain  the  reason  of  this. 

A.    When  frozen  water  is  thaived,  it 

absorbs  heat  from  the  air,  &c.,  to  melt 

the  ice :  in  consequence  of  which,  the 

heat  of  the  air  is  greatly  reduced. 

Q.  It  is  wahmee  iji  a  erost  than  in  a 
THAW.    Explain  the  reason  of  this. 

A.  When  water  freezes,  it  gives  out 
latent  heat ;  and  as  much  heat  is  libera- 
ted from  the  water  into  the  atmosjDhere, 
the  air  feels  warmer.  {See  N.  B.  p. 
32.) 

Q.  Salt  dissolyes  ice,  Explain  the  reason 
of  this. 

A.  Water  freezes  at  32°,  but  salt  and 
water  will  not  freeze  till  the  air  is  4  or  5 
degrees  colder  ;  if,  therefore,  salt  be  added 
to  frozen  water,  it  dissolves  the  ice. 

Q.     Will  anything  dissolve   ice  besides 

SALT  ? 

A.  Yes  ;  any  acid,  such  as  sulphuric 
acid,  nitric  acid,  &c. 

Anything  -which  has  a  very  strong  affinity  for  water  mil  liquefy  ice. 
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Q.  Wliy  is  a  mixture  of  salt  and  snotv 
colder  than  snoav  itself? 

A.  Because  salt  dissolves  the  cnjstals 
of  snow  into  a  fluid :  And  whenever  a 
solid  is  converted  into  a  fluid,  heat  is  ah- 
sorhed,  and  the  cold  made  more  intense. 

Q.    Wht/  does  TEOST  make  the  eaeth  cback  ? 

A.  Because  the  water  absorbed  in 
warm  weather,  expanding  by  the  frost, 
thrusts  the  particles  of  earth  apart  from 
each  other,  and  leaves  a  chink  or  crack 
between. 

Q.  Shew  the  wisdom  of  God  in  this  ar- 
rangement. 

A.  These  crachs  in  the  earth  let  in 
air,  dew,  rain,  and  many  gases  favourable 
to  vegetation. 

Q.    Will/  does  the  earth  ceumble  in  spuing  ? , 

A.  Because  the  ice  of  the  clods 
dissolves;  and  the  particles  of  earth 
(thrust  apart  by  the  frost)  being  left 
unsupported,  tumble  into  minute  parts, 
as  soon  as  their  cement  of  ice  is  dissolved. 

Q.     TVJii/  does  moetab  oeumble  awa^  in 

TEOST  ? 

A.    Because  it  was  not  dried  in  tlie 
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n-arm  weather :  therefore,  its  moisture 
freezes,  expands,  and  thrusts  the  particles 
away  from  each  other;  but  when  the 
i'rost  breaks  up,  the  ivater  condenses,  and 
leaves  the  mortar  full  of  cracks  and  chinks. 

Q.  JVJii/  does  STUCCO  VE:ELfrom  a  wall  in 
PEG  STY  iveather  ? 

A.  Because  the  stucco  was  not  dried 
'n  the  warm  iveather ;  therefore,  its  mois- 
ure  freezes,  expands,  and  thrusts  the 
articles  away  from  the  wall :  but,  as 
oon  as  the  water  condenses  again  from 

thaw,  the  stucco  (being  unsupported) 
ulls  hj  its  otvn  weight. 

Q.     WJiT/  C«?27ZOi{  BRICKLATEES  and  PLASTEE- 

ES  tvoric  in  frosty  toeatlier  ? 

A.  Because  frost  expands  mortar, 
.nd  causes  the  bricks  and  plaster  to 
tart  from  their  position. 

Q,     Why  do  BRICKLATEES  covev  their  worh 
'th  STEAW  in  spring  and  autumn  ? 

A.  Because  straw  is  a  non-conductor, 
nd  prevents  the  mortar  of  their  new 
ork  from  freezing,  during  the  cold 
ights  of  spring  and  autumn. 
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Q..  Why  are  "Watee-pipes  often  voter ed 
uith  STEAW  in  winter-time  ? 

A.  Because  straw  (being  a  non-con- 
ductor) prevents  the  water  of  the  pipes 
from  freezing,  and  bursting  the  pipes. 

Q.     Wliy  are  delicate  teees  covered  with 

STEAW  in  WINTEE  ? 

A.    Because  straw  (being  a  non-con- 
ductor) prevents  the  sap  of  the  tree  from . 
being  frozen. 

Q.  Can  WATEE  T)e  eeozen  in  any  way  be-  • 
BIDES  hy  frosty  weather  ? 

A.  Yes ;  in  very  many  ways.  For  • 
example — a  bottle  of  water  wrapped  in . 
cotton,  and  frequently  wetted  with  ether,, 
will  soon  freeze. 

Q.  Why  tcould  WATEE  eeeeze  if  a  lottle  '■ 
were  Jcept  constantly  wetted  with  ethek  ? 

A.  Because  evaporation  would  carry 
off  the  heat  of  the  water,  and  reduce  it , 
to.  freezing  point. 

Q.  Why  does  watee  freeze  under  the  ee- 
CEiVEE  of  an  AiE  pump,  when  ether  is  present 
and  the  air  exhausted  ? 

A.  Because  evaporation  is  very  greatly 
increased  by  the  diminution  of  atmospheric 
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pressure  ;  and  the  ether  evaporating  very 
rapidly,  produces  sufficient  cold  to  freeze 
the  water. 

FREEZING  MIXTURES. 

1.  If  nitre  be  dissolved  in  water,  the  heat  of  the  liquid  -will  be 
reduced  16  degrees. 

2.  If  5  oz.  of  nitre,  and  5  of  sal-ammoniac  (both  finely  powdered) 
be  dissolved  in  19  oz.  of  water,  the  heat  of  the  liquid  will  be  reducea 
40  degrees. 

3.  If  3  lbs.  of  snow  be  added  to  1  lb.  of  salt,  the  mixture  will  fall 
to  Oo  (or  32  degrees  below  freezing  point) . 

The  two  following  are  the  coldest  mixtures  yet  known : — 

1.  Mix  3  lbs.  of  muriate  of  lime  with  1  lb.  of  snow. 

2.  Mix  5  lbs.  of  diluted  sulphuric  acid  with  4  lbs.  of  snow. 

Ice  may  be  made  in  a  red-hot  vessel  thus.  Heat  a  platinum  vessel 
red-hot,  pour  into  it  a  little  water — then  some  liquid  sulphurous 
acid  :  turn  the  vessel  over,  and  ice  will  come  out.  The  reason  is 
this,  the  sulphurous  acid  so  suddenly  evaporates  from  the  heat  of 
the  vessel,  that  the  water  is  frozen. 

Q.  Why  is  it  more  easy  to  swim  in  the 
SEA,  than  in  a  river  ? 

A.  Because  the  specific  gravity  of 
salt  water  is  greater,  than  that  of  fresh  ; 
and.  therefore,  it  huoijs  up  the  swimmer 
betLer. 

Q.  How  do  cooJcs  ascertain  if  their  BRiNa 
he  SALT  EifoUGH  for  pickling  ? 

A.  They  put  an  egg  into  the  brine. 
If  the  egg  sm/f,  the  brine  is  not  strong 
enowjh ;  if  the  egg  float,  it  is. 

Q.  Why  ivill  an  ego-  sink  if  the  hrine  he 
KOT  STRONG  enough  for  piclding  ? 

A.    Because  the   egg  will  be  the 
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heavier  :  but  if  as  much  salt  be  added  as 
the  water  can  dissolve,  the  brine  will 
buoy  up  the  egg,  and  cause  it  to  float. 

Q.  Why  will  an  EGG-  tloat  in  strong  bbine, 
and  not  in  water  ? 

A  Because  the  specific  gravity  of 
salt  and  water  is  greater  than  that  of 
water  only. 

Q.  Why  do  persons  sink  in  water  when  they 
are  tjnskilpul  swimmers  ? 

A.  Because  they  struggle  to  keep 
their  head  out  of  tuater. 

Q.     Explain  how  this  is. 

A.  When  our  head  is  thrown  back 
boldly  into  the  water,  our  mouth  is  kept 
above  the  surface,  and  we  are  able  to  breathe : 

But  when  the  head  is  kept  above  the 
surface  of  the  water,  the  chin  and  mouth 
sink  beneath  it,  and  the  swimmer  is 
suffocated. 

This  may  be  illustrated  thus : — If  a  piece  of  •svood  be  of  such 
specific  gravity,  that  onlj'  two  square  inches  can  float  out  of  water ; 
it  is  manifest,  that  if  two  other  inches  are  raised  out,  the  two  former 
inches  must  be  plunged  in.  The  body  (in  floating)  resembles  this 
piece  of  wood— If  two  square  inches  of  our  face  float  out  of  the  water, 
we  can  breathe ;  but  if  part  of  the  back  and  crown  of  our  head  be 
forcibly  raised  above  the  surface,  a  proportional  quantity  of  our  face 
must  be  plunged  iii ;  and  our  mouth  becomes  covered  ^^ith  water. 

Q.  W?iy  can  QUADRUPEDS  swim  moee  easily 
than  MAN  ? 
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A.  1st — Because  the  trunh  of  quad- 
rupeds is  lighter  than  water  :  and  this  is 
the  greatest  part  of  them  :  and 

Sndly — The  position  of  a  beast  (when 
swimming)  is  a  natural  one. 

Q.  Whi/  is  it  MOEE  DIPPICITLT  for  a  mak 
to  swim,  than  for  a  beast  ? 

A.  1st — Because  his  body  is  more 
heavij  in  proportion,  than  that  of  a  beast : 
and 

Sndly — The  position  and  muscular 
action  of  a  man  (when  swimming)  differ 
greatly  from  his  ordinary  habits ;  but 
beasts  swim  in  their  ordinanj  position. 

Q.  Why  can  tat  men  swim  more  easily 
than  SPARE  men  ? 

A.  Because  fat  is  lighter  than  loater ; 
and  the  fatter  a  man  is,  the  more  buoyant 
will  he  be. 

Q.  How  are  pishes  alle  to  ascend  to  the 
8IJEEACE  of  water  ? 

A.  Fishes  have  an  air-hladder  near 
the  abdomen;  when  this  bladder  is 
filed  with  air,  the  fish  increases  in  size ; 
and  (being  lighter)  ascends  through  the 
water  to  its  sm-face. 
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Q.  Sow  are  Ji,shes  able  to  divj;  in  a  minute 
to  the  BOTTOM  of  a  stream  ? 

A.  They  ex^d  the  air  from  the  air- 
bladder  ;  in  consequence  of  which,  their 
size  is  diminished,  and  they  sink  instantly. 
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Q.     What  is  LIGHT  ? 

A.    The  unknown  cause  of  visibility 

The  most  commonly  received  theory  of  ligrht  is  this.  A  fluid, 
called  the  luminous  ether,  fills  up  the  intervening  spaces  between  the 
several  particles  of  air.  This  fluid  being'  set  in  motion,  either  by 
some  chemical  chiinge,  by  friction,  or  by  some  other  means,  is 
thrown  into  a  state  of  undulation ;  and  these  undulations  of  ether 
striking  on  the  optic  nerve,  make  the  eye  sensible  of  light,  in  much 
the  same  way  as  undulations  of  air  striking  on  the  di'um  of  the  ear, 
give  us  the  sensation  of  sound.   {See  p.  47.) 

Q.      W7it/  can  we  not  see  through  a  bent  tuhe  P 

A.  Because  Hght  propagates  itself 
m  straight  lines,  so  long  as  the  density  of 
the  medium  through  which  it  passes  is 
uniform. 

Q.  Whi/  does  an  opaque  hodt/  cast  a 
SHADOW  behind  f 

A.  Because  it  opposes  the  passage 
of  the  light  which  falls  on  it,  and  cannot 
pass  through  it. 
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Q.     How  do  the  undulations  of  etJier  produce 

IIGHT  ? 

A.  In  the  same  way  as  undulations 
of  air  produce  sounds :  i.e.  by  register- 
ing themselves  upon  the  extremities  of  a 
nerve  prepared  for  their  perception. 

The  term  undulatory  is  not  very  correct  when  applied  to  the 
motion  of  air  and  ether,  in  the  phenomena  of  sound  and  light.  It 
is  rather  vibratory  than  undulatory. 

Q.     How  FAST  does  light  teatel  ? 

A.  All  hght  travels  so  fast,  that  it 
would  go  eight  times  round  the  earth, 
while  a  person  counts  one." 

All  light ;  -whether  the  light  of  the  sun,  the  light  of  a  candle,  or 
the  reflected  Hght  of  houses,  trees,  and  fields,  travels  in  round 
numhers  192,000  miles  per  second. 

Q.  Why  are  some  surfaces  BEILLIANT  (liJce 
glass  and  steel  J  and  others  dull,  like  lead  ? 

A.    Because    some  surfaces  rejiect 

much  liglit^   and  are  brilliant;  while 

others  absorb  a  great  part  of  it,  and 
appear  didl. 

Q.  VFhi/  can  a  thottsaitd  persons  see  the 
SAME  OBJECT  at  the  same  time  ? 

A.  Because  it  throws  off  from  its 
surface  an  infinite  number  of  rays  in  all 
directions ;  and  one  person  sees  by  one 
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portion  of  these  rays,  and  another  person 
by  another. 

Q.     W7ii/  is  the  eye  pained  hy  a  sudden 

LIGHT  ? 

A.  Because  the  nerve  of  the  eye  is 
burdened  ivith  rays,  before  the  pupil  has 
had  time  to  contract. 

Q.  Whi/  does  it  give  us  pain  if  a  candle 
le  hrougJit  suddenly  towards  ourBUD  at  night-time  ? 

A.  Because  the  fwpil  of  the  eye 
dilates  very  much  in  the  dark,  in  order 
to  admit  more  rays.  When,  therefore, 
a  candle  is  brought  suddenly  before  us, 
the  enlarged  pupils  allow  the  optic 
nerves  to  be  overloaded  with  rays,  and 
this  causes  pain. 

Q,  WJiy  CAN  we  beae  the  candle-light  after 
a  few  moments  ? 

A.  Because  the  pupils  contract  again 
almost  instantly ;  and  adjust  themselves 
to  the  quantity  of  hght  which  falls  upon 
them. 

Q.  Why  can  we  see  nothing,  lohen  toe 
leave  a  well-lighted  roo7n,  and  go  hito  the 

DAEKEE  EOAD  Or  STEEET  ? 

A.  Because  the  pupil  (which  con- 
tracted in  the  bright  room)  does  not 
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dilate  instantaneoushj ;  and  the  contrac- 
ted pupil  is  not  able  to  collect  rays 
enough  from  the  darker  road  or  street, 
to  enable  us  to  see  objects  before  us. 
Q,     Wliy  do  we  see  bexteb,  wliesi  we  get 

USED  to  the  DARK  ? 

A.  Because  the  pupil  dilates  again, 
and  allows  more  rays  to  pass  through  its 
aperture;  in  consequence  of  which,  we 
see  more  distinctly. 

Q.  If  we  loolc  at  the  ^vs  for  a  few  moments, 
lohij  do  all  other  things  appear  daek  ? 

A.  Because  the  pupil  of  the  eye 
becomes  so  much  contracted  by  looking 
at  the  sun,  that  it  is  too  small  to  collect 
sufficient  rays  from  other  objects  to  enable 
us  to  distinguish  their  colours.  [See 
'^Accidental  colours;"  pp.  421,  425.) 

Q.  loe  toatch  a  hright  fiue  for  a  few 

mome^its,  why  does  the  boom  seem  dark? 

A.  Because  the  pupil  of  the  eye 
becomes  so  much  contracted  by  looking 
at  the  fire,  that  it  is  too  small  to  collect 
sufficient  rays  from  the  objects  around, 
to  enable  us  to  distinguish  their  colours. 
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Q.  WTiy  can  we  see  tJie  pbopek  coloues  ofl 
every  object  again,  after  a  few  minutes  ? 

A.  Because  the  pupil  dilates  again,, 
and  accommodates  itself  to  the  lightt 
around. 

Q.     Why  can  ti&ees,  cats,  and  owls,  see  im 

tlie  DAEK  ? 

A.  Because  they  have  the  power  ofl 
enlarging  the  pupil  of  their  eyes,  so  as  to: 
collect  scattered  rays  of  hght  more  abun- 
dantly :  in  consequence  of  which,  theyv 
can  see  distinctly  when  it  is  not  lightt 
enough  for  us  to  see  any  thing  at  all. 

Q.  Why  do  oats  and  owls  sleep  almosit 
all  DAT  ? 

A.  Because  the  pupil  of  their  eyes  iss 
very  broad,  and  daylight  fatigues  them ; 
so  they  close  their  eyes  for  relief. 

Q.  Why  do  cats  ilink  when  they  sit  leforet 
a  FIEE  ? 

A.  Because  the  pupil  of  their  eye  is? 
very  hroad,  and  the  light  of  the  fire  is? 
painful :  so  they  keep  shutting  their  eyes; 
to  reheve  the  sensation  of  too  much  hght. 

Q.  Wh'l/  do  TIGEES,  cats,  owls,  ^C,  PEOWIl 
IjF  BIGHT  for  p?'ej/  ? 
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A.  Because  they  sleep  all  day,  when 
the  strong  hght  would  be  painful  to 
them  ;  and  as  they  can  see  clearly  in  the 
dark,  they  prowl  then  for  prey. 

Q,  Will/  do  GLOW-WOEMS  glisten  ly  night 
only? 

A.  Because  the  light  of  day  is  so 
strong  as  to  eclipse  their  feeble  hght: 
in  consequence  of  which,  they  are  in- 
visible hy  day. 

Q.     WTiy  can  we  not  see  the  staes  in  the 

DAT-TIME  ? 

A.  Because  the  hght  of  day  is  so 
powerful  as  to  eclipse  the  feeble  light  of 
the  stars;  in  consequence  of  which, 
they  are  invisible  by  day. 

Q.  WJiy  can  loe  see  the  staes  even  at  mid- 
day, J^om  the  lottom  of  a  deep  well  ? 

A.  Because  their  light  is  no  longer 
overpowered  by  the  rays  of  the  sun, 
which  are  lost  in  numerous  reflections 
in  the  well. 

The  rays  of  the  sun  will  enter  the  well  very  ohliquely;  whereas 
many  stars  will  shine  directly  over  the  well.   {See  pp.  392,  393.) 

Q.  What  is  the  use  of  two  etes,  since 
the!/  present  only  one  image  of  any  ohject  ? 
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A.  1st — To  enlarge  our  field  of 
vision  : 

2ndly — To  increase  the  distinctness 
of  vision  : 

3rdly — To  diminish  the  fatigue  of 
vision :  and 

4thly — To  supply  the  means  of  sight, 
if  one  eye  is  injured  or  lost. 

Q.      Why  do  we  not  see  tilings  double,  with 

TWO  ETES  ? 

A.  Because  both  images  fall  on  cor- 
responding parts  of  the  two  retinae,  which 
are  simultaneously  affected. 

Persons  mth.  oblique  vision  sse  double,  because  botb  the  images 
looked  at,  are  not  painted  on  points  of  the  retinaa  which  correspond. 

Q.     Wliy  do  we  see  ourselves  in  a  glass  ? 

A.  Because  the  rays  of  light  from 
our  face,  on  striking  against  the  surface 
of  the  glass,  are  reflected,  or  sent  back 
again  to  our  eye. 

Q.  Wliy  are  the  rays  of  light  eeelected  hy 
a  MiimoE  ? 

A.  Because  they  cannot  'pass  through 
the  impenetrable  metal  with  which  the 
back  of  the  glass  is  covered:  so  they 
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rebound  bach  again,  just  as  a  marble 
would,  if  it  were  thrown  against  a  wall. 

Q.  When  a  marble  is  rolled  towards  a  wall, 
what  is  the  path  theough  which  it  buns 
called  ? 

A.    The  line  of  incidence. 

Q.  When  a  marlle  eebounds  hack  again, 
lohat  is  the  path  it  then  describes  called  ? 

A.    The  line  of  reflection. 

See  figure  on  p.  3S3.  If  AB  be  the  line  of  incidence,  then  BC  is 
the  line  of  reflection ;  and  vice  versa. 

Q.  When  the  light  of  our  face  goes  to  the 
GLASS,  vjhat  is  the  path  through  which  it  goes 

CALLED  ? 

A.    The  line  of  incidence. 

Q.  When  the  light  of  our  face  is  reflected 
BACK  again  from  the  mirror,  what  is  this  return- 
ing path  called  ? 

A.    The  line     reflection . 

Q.     What  is  the  angle  of  incidence  ? 

A.  The  angle  between  the  line  of 
incidence  and  the  perpendicidar. 

Q.     JVJiat  is  the  angle  of  reflection  ? 

A.  The  angle  between  the  hne  of 
reflection  and  the  perpendicular. 

Sec  figure  on  p.  333, 
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Let  SS  be  any  surface,  PB  a  perpendicular  to  it— If  a  marble  were 
thrown  from  A  to  B,  and  bounded  back  to  C  ;  tben  ABP  would  be 
called  the  angle  of  incidence,  and  CBP  the  angle  of  reflection. 

Q.  Why  does  our  reflection  in  a  mirror 
seem  to  APPEOACH  us,  as  ive  walk  towaeds  it : 
and  to  EETIBE  TEOM  US,  OS  WE  retire  ? 

A,  Because  the  lines  and  angles  of 
incidence  are  always  equal  to  the  lines 
and  angles  of  reflection  ;  in  consequence 
of  which,  the  image  will  always  seem  to 
be  as  far  behind  the  mirror,  as  the  real 
object  is  before  it. 


Kg  c  e 
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Suppose  A  to  be  a  mirror— CA,  EA,  DA,  and  FA  the  lines  of  inci- 
dence ;  than  GA,  KA,  HA,  and  LA,  are  the  lines  of  reflection. 
When  the  arrow  is  at  CD,  its  image  will  appear  at  GH,  because 
Une  CA=GA,  and  line  DA=HA :  and  also  the  angle  CAB=angle 
GAB,  and  angle  DAB=HAB.  For  a  similar  reason,  if  the  arrow 
were  at  EF,  the  image  would  seem  to  he  at  EX. 

Q.  Why  can  a  man  see  Ms  whole  peeson 
reflected  in  a  little  miekoe,  not  6  inches  in 
length  ? 

A.  Because  the  lines  and  angles  of 
reflection  must  be  always  equal  to  the 
lines  and  angles  of  incidence. 


Let  M  ra  be  a  small  mirror,  and  E  an  eye,  looking  at  I  i,  an  image 
of  the  object  0  o  reflected  from  it  Then  the  ray  which  falls  per- 
pendicularly from  0,  is  reflected  back  ia  the  same  line,  so  that  the 
image  appears  as  if  placed  at  I.  But  the  ray  which  falls  obliquely 
from  o  to  m,  is  reflected  by  an  equal  angle  to  O,  and  the  image 
seems  to  be  at  i,  (i.  e.  m  the  Une  of  the  last  reflection).  Hence  the 
entii'e  image  will  appear  to  be  as  large  as  I  i. 

Q.  Why  does  the  image  of  any  olject  in 
"WATER  always  appear  inyeeted  ? 

A.  Because  the  angles  of  incidenie 
are  always  equal  to  the  angles  of  reflection. 
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Here  the  arrow  head  A  strikes  the  water  at  F,  and  is  reflected  as 
if  from  D ;  and  the  barb  B  strikes  the  water  at  E,  and  is  reflected 
as  if  from  C. 

If  a  spectator  stands  at  G,  he  will  see  the  reflected  lines  CE  and 
DF,  produced  as  far  as  G. 

It  is  very  plain,  that  A  (the  more  elevated  object)  will  strike  the 
water,  and  be  projected  from  it  more  perpendicularly  than  the  point 
B;  and,  therefore,  the  image  ^dll  seem  invei ted.  Seep.S&S. 

Q.  When  we  see  our  eeflection  in  "Wateb, 
why  do  we  seem  to  stand  on  our  head  ? 

A.  Because  the  angles  of  incidence  are 
always  equal  to  the  angles  of  reflection. 

The  feet  are  nearest  to  the  surface  of  the  water,  and  must,  there- 
fore, seem  so  in  the  reflection ;  and  the  head  which  is  more  remote, 
must  also  seem  more  distant  from  the  surface  of  the  water  which 
reflects  it. 

Q.     Wliy  do  WINDOWS  seem  to  blaze  at 

SUN-EISE  and  STTN-SET  ? 

A.  Because  glass  is  a  good  reflector 
of  light :  and  the  rays  of  the  sun  (striking 
against  the  window  glass)  ai'e  reflected^ 
or  thrown  back. 
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Q,.  Whi/  do  NOT  windows  rejiect  the  NOON- 
DAY rays  also  ? 

A.  They  do,  but  the  reflection  is  not 
seen. 

Q.  WTiy  is  the  reflection  of  the  eising  and 
BETTING  sun  seen  in  the  windoio,  and  NOT  that  of 
the  NOON-DAT  sun  ? 

A.  Because  the  rays  of  the  noon-day 
sun  glance  off  from  the  glass  downwards, 
so  that  an  observer  could  not  readily 
behold  both  the  window  and  the  sun's 
reflection. 

Sun  near  noon. 


Sun  neai  the  horizon. 


\ 

'••c 


Here  AB  represents  a  ray  of  the  noon-day  sun  striking  the 
window  at  B ;  its  reflection  will  bo  at  C : 

But  DB  (a  ray  of  the  rising  or  setting  sun)  will  be  reflected  ta 
E  (the  eye  of  spectator.) 
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Q.  Why  can  we  not  see  the  sun's  reflection 
in  a  WELL,  during  the  day-time  ? 

A.  Because  the  rays  of  the  sun  fall 
so  obliquely,  that  they  never  reach  the 
surface  of  the  water  at  all,  but  strike 
against  the  brick  sides. 


Let  BDEC  be  the  well,  and  DE  the  water. 
The  ray  AB  strikes  against  the  brick-work  inside  the  well ;  and 
The  ray  AC  strikes  against  the  brick-work  outside  the  well. 
None  will  ever  touch  the  water  at  DE. 

Q,  Why  are  staes  reflected  in  a  well, 
although  the  sun  is  not  ? 

A.  Because  the  rays  of  those  staes, 
which  pass  neai'ly  overhead,  will  not  fall 
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SO  obliquely  into  the  well,  as  the  rays  of 
the  sun. 

A  STAR. 


Bf  c 

Here  the  star's  rays  AB,  AC,  both,  strike  the  water  DE,  and  are 
reflected  by  it. 

The  rays  of  both  ewa  and  moon  may  be  reflected  from  the  surface 
of  water  in  a  well,  so  placed  on  the  earth's  surface,  that  those 
luminaries  pass  vertically  overhead  (i.e,  between  the  tropics.) 

Q.  In  a  sheet  of  water  at  noon,  tlie  sun 
appears  to  shine  upon  only  one  spot,  and  all  the 
liEST  of  the  water  seems  dark, — Why  is  this  ? 

A.  The  rays  fall  at  various  degrees 
of  obliquity  on  the  water,  and  are  reflec- 
ted at  similar  angles ;  but  only  those 
which  come  from  the  spot  where  equal 
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angles  are  formed,  between  the  sun  and 
a  perpendicular,  and  the  eye  and  the 
same  line,  are  visible  as  glare. 


Here,  of  the  rays  SA,  SB,  and  SC,  only  the  ray  SC  meets  the  eye 
of  the  spectator  D.  If  a  line  were  dropped  perpendicularly  over 
C,  the  angles  formed  between  that  line  and  SC,  and  DC,  would  be 
equal. 

The  spot  C,  therefore,  ■will  appear  luminous  to  the  spectator  D, 
but  no  other  spot  of  the  -water  ABC. 

Q.  Why  are  moee  stabs  visible  from  a 
MOUNTAIN,  than  from  a  plain  ? 

A.  Because  they  have  less  air  to  pass 
through.  As  air  absorbs  and  diminishes 
hght;  therefore,  the  higher  we  ascend, 
the  less  light  will  be  absorbed 
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Q.  Why  do  the  sun  and  moon  seem  laegeu 
at  their  eising-  and  setting,  that  at  any  other 
time  ? 

A.  The  appearance  is  an  illusion,  in 
consequence  of  terrestrial  objects  being 
placed  in  close  comparison  with  them  at 
one  time  and  not  at  the  other. 

The  sun  lias  really  the  same  apparent  angular  size  ■when  on  the 
norizon,  and  when  high  in  the  sky.  The  moon  seems  really  smaller 
when  on  the  horizon  than  when  high  up. 

Q.  Why  do  the  SUN  and  moon  appear  as  if 
flattened  into  oval  forms  ivhen  seen  on  the  horizon  ? 

A.  Because  the  lower  portions  of  the 
disc  are  more  displaced  by  the  refractive 
power  of  the  atmosphere  than  the  iop, 
so  that  the  vertical  diameter  is  reduced 
in  length.  No  such  reduction  takes 
place  in  the  transverse  diameter,  there- 
fore the  breadth  seems  longer  than  the 
depth. 

Q.  How  does  light  cause  the  pupil  of  the 
eye  to  oonteact  ? 

A.    The  pupil  of  the  eye  is  a  round 

hole,  in  the  midst  of  a  moveable  muscular 

curtain  or  screen,  called  the  iris.  When 

■  too  much  light  falls  on  the  nervous 

retina  at  the  back  of  the  eye,  it  irritates 

it ;  and  this  irritation  is  conveyed  to  the 
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muscular  rings  composing  the  curtain  byt 
small  nervous  fibres,  causing  them  toD 
contract. 

The  same  effect  is  produced  by  increasing  or  diminishing  the-: 
object  aperture  of  a  telescope.  The  power  of  a  small  part  of  the 
pupil  to  allow  a  perfect  but  fainter  unase  of  an  object  to  be  formed,;  j 
may  be  thus  proved : — Fix  the  eye  attentively  upon  the  flame  of  a. 
caudle,  then  very  slowly  advance  the  edge  of  a  card,  held  closely  to( 
the  eye,  more  and  more  across  the  pupil,  and  the  flame  will  be  seem 
to  get  fainter  and  fainter,  although  it  still  preserves  its  perfect! 
outline ;  at  last,  it  disappears  all  at  once. 

Q.  Wliy  can  we  ISOT  see  into  the  steeet  or? 
road,  when  candles  are  lighted  ? 

A.  Because  the  pupil  of  the  ey^ 
(having  become  contracted  by  the  hght  ofi 
the  room)  is  too  small  to  collect  rays 
enough  from  the  dark  street,  to  enables 
us  to  see  objects  in  it. 

Q.  Wh^/  do  we  often  see  the  fiee  eeeeected} 
in  oi(/r  parlour  window  in  winter-time  ? 

A    Because  glass  is  a  good  reflector;} 
and  the  rays  of  the  fire  (striking  against; 
the  window  glass)  are  reflected  back  into 
the  room  again. 

Q,     Will/  do  we  often  see  several  reflections' 
of  our  EiEE  or  candles  in  the  window,  while  wtfrij 
are  sitting  in  our  parlour  ? 

A.  1st — Because  both  surfaces  of  the; 
window  glass  reflect  them ;  and 
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Sndly — The  reflections  are  multiplied 
by  imperfections  in  the  glass. 

Q.  Why  is  this  reflection  more  clear,  if  the 
external  aib  be  daek  ? 

A.  Because  the  reflection  is  not 
eclipsed  by  brighter  rays,  passing  through 
from  the  other  side  of  the  window. 

Q.  If  the  SHADOW  q/aw.  object  he  thrown  on 
a  loall, — the  closer  the  object  is  held  to  a  candle, 
the  LAEQ-ER  loill  he  its  shadow.    Why  is  this? 

A.  Because  the  rays  of  light  diverge 
fi'om  the  flame  of  a  candle  in  straight 
lines,  like  hues  drawn  from  the  centre  of 
a  circle. 


Here  the  arrow  A  held  close  to  the  candle,  will  cast  the  shadow 
BI''  on  a  wall ;  while  the  same  arrow  held  at  C  would  cast  only  the 
attle  shadow  DE.  Ma 
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Q.  WTiy  does  an  avenue  of  teees,  or  a  long 
straight  steeet,  seem  to  get  jtabeowee  and  nar- 
rower in  the  distance,  till  the  two  sides  appear  to 

MEET? 

A.  Because  the  more  distant  trees  or 
houses  are,  the  more  acute  ivill  he  the 
angle,  that  any  opposite  two  make  with 
our  eye. 


Here  the  •width  between  the  trees  A  and  B  ■will  seem  to  be  as  great 
as  the  line  AB  : 

But  the  -width  between  the  trees  C  and  D  mil  seem  to  be  no  more 
than  EF, 

Q.  In  an  atenfe  or  long  straight  steeet, 
WHY  do  TEEES  or  houses  Seem  to  he  smallee  and 
smaller  as  their  distance  increases  ? 

A.  Because  the  more  distant  trees  or 
houses  are,  the  more  acute  will  he  the 
angle  made  by  their  perpendiculai'  height 
with  our  eye. 
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Here  the  first  tree  AB  Tvill  appear  the  height  of  the  line  AB ;  but 
the  last  tree  CD  will  appear  only  as  high  as  the  line  EF. 

Q.  WJiy  do  some  glasses  magnify  oijects, 
and  others  diminish  them  ? 

A.  This  depends  upon  the  focus  of 
the  glass :  if  a  glass  makes  the  focal 
distance  of  an  object  longer,  the  object 
appears  diminished  in  size  :  if  shorter,  it 
magnifies. 

The  focal  distance  means  the  distance  at  ■which  the  eye  perceives 
an  object  distinctly.  A  microscope  magnifies  by  enabling  the  eye  to 
see  an  image  closer  to  the  eye,  than  would  be  possible  otherwise. 

In  the  last  two  figures  it  is  evident — That  the  larger  the  angle 
made  by  two  lines  connecting  the  object  with  the  eye,  the  larger  the 
object  will  appear,  and  vice  versa.  But  this  angle  becomes  smaller 
and  smaller  as  the  object  is  removed  further  from  us.  Thus  the 
angle  CGD  is  less  than  the  angle  AGB.  If  a  lens  therefore  lengthens 
the  focus,  it  diminishes  objects;  if  it  sliortens  the  focus,  it  magnifies 
them. 

Q.  WJiy  does  a  man  on  the  top  of  a  mountaii^ 
or  church  spire,  seem  to  be  no  biggeb  than  a 
eroio  ? 

A.  Because  the  angles  made  in  our 
eye  by  the  perpendicular  height  of  a  man 

M  a  2 
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at  that  distance,  is  no  bigger  than  that 
made  by  a  crotv  close  by. 


 A 


B 


Let  AB  be  a  man  on  a  distant  mountain  or  spire,  and  CD  a  crow 
close  by : 

The  man  mil  appear  only  as  Mgb.  as  the  line  CD,  which  is  the 
height  of  the  crow. 

Q.  Whi/  does  the  moon  appear  to  us  so  much 
i/AE&EB  than  the  stabs,  though  in  fact  it  is  a 
great  deal  smallee  ? 

A.  Because  the  moon  is  venj  much 
nearer  to  us,  than  any  of  the  stars. 


Let  AB  represent  a  fixed  star,  and  CD  the  moon. 

AB  though  much  the  larger  body,  will  appear  no  bigger  than  EF; 
whereas  the  moon  (CD)  will  appear  as  large  as  the  line  CD  to  the 
spectator  G. 

The  moon  is  240,000  miles  from  the  earth,  not  quite  a  quarter  of  a 
million  of  miles.  The  nearest  fixed  stars  are  20,000,000,000,000  (i.e. 
20  biUions.) 

If  a  ball  went  500  miles  an  hour,  it  would  reach  the  moon  in 
twenty  days;  but  it  would  not  reach  tbe  iieurest  fixed  stai'  ia 
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4,500,000  years.  Had  it  begnn,  therefore,  -when  Adam  was  created, 
it  would  be  no  further  on  its  journey,  than  a  coach  (which  has  to 
go  from  the  Land's  End,  Cornwall,  to  the  most  northern  paits  of 
Scotland)  after  it  has  passed  about  three-quarters  of  a  mile. 

Q.  Why  do  the  SUF  and  moon  {which  are 
spheres)  appear  to  he  flat  surfaces  ? 

A.  Because  they  are  such  an  immense 
way  off,  that  we  can  discern  no  difference 
of  length  between  those  rays  which  issue 
from  the  edge,  and  those  which  issue 
from  the  centre  of  these  bodies. 

The  rays  AD  and  CD  appear  to  be  no  longer  than  the  ray  BD ; 
but  if  all  the  rays  seem  of  the  same  length,  the  part  B  will  not  seem 
to  be  nearer  to  us  than  A  and  C ;  and,  therefore,  ABC  will  look  like 
a  flat  or  straight  line. 

The  rays  AD  and  CD,  in  the  case  of  the  moon,  are  240,000  miles 
long. 

The  ray  BD  is  238,910  miles  long. 

Q.     Why  does  distance  malce  an  olject 

INYISIBLE  P 

A.  Because  no  visible  perpe?idicular 
can  be  inserted  between  the  hnes  which 
form  the  angle  :  or  because  the  light  has 
been  made  very  faint  by  the  distance. 

The  image  formed  within  the  eye,  falls  upon  so  small  an  area  of 
h"  internal  mombrane,  that  this  is  not  able  to  affect  its  perception  : 
or  it  stimulates  that  area  so  faintly,  that  no  sense  of  sight  fullows, 
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Q.  Wliy  do  TELESCOPES  enable  us  to  see 
objects  INVISIBLE  to  the  nalced  eye  ? 

A.  Because  they  gather  together 
more  luminous  rays  from  obscm-e  objects, 
than  the  eije  can ;  and  form  a  bright 
image  of  them  in  the  tube  of  the  teles- 
cope, where  they  are  magnified. 

As  many  times  as  the  dimensions  of  the  object-glass  exceed  the 
dimensions  of  the  pupil  of  the.  eye,  so  many  times  the  penetrating' 
powers  of  the  telescope  will  exceed  that  of  the  naked  eye. 

Q.  When  a  ship  (out  at  sea)  is  approaching 
shore,  why  do  loe  see  the  small  masts,  before  ive 
see  the  bulky  hull  ? 

A.  Because  the  earth  is  round;  and 
the  curve  of  the  sea  hides  the  hull  from 
our  eyes,  after  the  tall  masts  have  be- 
come visible. 


Here  only  that  part  of  the  ship  above  the  line  AC,  can  be  seen  by 
the  spectator  A ;  the  rest  of  the  ship  is  hidden  by  the  swell  of  the 
curve  DE. 

Q.     What  is  meant  by  eeeeaction  ? 
A.    Bending  a  raij  of  light,   as  it 
passes  from  one  miuliura  to  another. 
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Q.  How  ts  a  ray  of  liglit  bent,  when  it 
passes  from  one  medium  to  another  P 

A.  When  a  ray  of  light  passes  into 
a  denser  medium,  it  is  bent  towards  the 
perpendicular.  When  it  passes  into  a 
rarer  medium,  it  is  bent  from  the  per- 
pendicular. 

V  D  i 


B 

E 

Suppose  DE  to  be  a  perpwidicular  line. 

If  AB  (a  ray  of  light)  enters  the  water,  it  -will  be  bent  towards 
the  perpendicular  to  C. 

If  (on  the  other  hand)  CB  (a  ray  of  light)  emerges  frovi  the  water,  - 
it  would  be  bent  away  frmn  the  perpendicular  towards  A. 

Q.  If  light  and  sound  are  hoth  produced  hy 
oscillations,  lohy  can  we  not  see  light,  as  well  as 
hear  sounds,  through  a  bent  trumpet  or  horn  ? 

A.  Because  many  substances  reflect 
the  oscillations  of  sound,  that  do  not 
reflect  the  oscillations  of  hght. 
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Intervening  angles  obstruct  the  passage  of  sound  in  some  measure, 
but  not  to  the  same  extent  as  they  obstruct  the  passage  of  hght. 
Thus  if  a  card  be  placed  between  a  ^'ibrating  tuning  foi'k  and  the  air, 
the  sound  is  dulled.  On  the  other  hand,  Hght  may  he  transmitted 
through  a  bent  tube,  if  reflecting  mirrors  are  proxoerly  placed  at  the 
angles. 

Q.  Why  does  a  spoon  {in  a  glass  of  water) 
always  appear  bent? 

A.  Because  the  light  (reflected  from 
the  spoon)  is  refracted,  as  it  emerges  from 
the  water. 

/9A 
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Here  the  spoon  ABC  is  refracted,  when  it  enters  the  water,  and 
appears  broken  as  ABD. 

A  cormnon  experiment,  bearing  a  similar  explanation,  is  this :  Put 
a  shilling  in  an  empty  basin— move  away  till  you  just  lose  sicht  of 
the  coin — let  some  one  pour  clean  water  in  the  basin,  and  the  shilling 
win  again  become  visible  to  you. 

Q.  Wliy  does  a  river  alivays  appear  moj'e 
shallow,  than  it  really  is  ? 

A.  Because  the  light  of  the  bottom 
of  the  river  is  refracted,  as  it  emerges 
out  of  the  water. 
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Sccfg.  on  p.  404.  The  bottom  of  the  river  will  appear  elevated, 
like  the  bowl  of  the  spoon  D. 

Q.  Sow  much  deeper  is  a  river,  tlian  it 
seems  tohe  ? 

A.  About  one-third.  If,  therefore, 
a  river  seems  only  4  feet  deep,  it  is  in 
reahty  nearly  6  feet  deep. 

The  exact  apparent  depth  would  be  4J.  To  find  the  real  depth 
multiply  by  4  and  divide  by  3 — thus  4^  x  4-4-3=6  feet  real  depth. 

N.B. — jMany  boys  get  out  of  theu-  depth  in  bathing,  in  consequence 
of  this  deception.  Kemember,  a  river  is  always  one-thii-d  deeper 
than  it  appears  to  be  : — thus,  if  a  river  seems  to  he  4  feet  deep,  it  is 
in  reality  nearly  6  feet  deep,  and  so  on. 

Q.  Why  do  fishes  seem  to  he  nearer  the  sur- 
face of  a  river,  than  they  really  are  ? 

A.  Because  the  rays  of  light  from  the 
fish  are  refracted,  as  they  emerge  from 
the  water:  In  consequence  of  which, 
the  fish  appear  nearer  to  our  eye,  than 
they  really  are. 

See  fig.  on  p.  404. 

Q.     Why  are  some  persons 'S^a.ti-siqki'e.'D  ? 

A.  Because  the  cor'nea  of  their  eye 
is  so  'prominent,  that  the  image  of  distant 
objects  is  formed  before  it  reaches  the 
eet'ina;  and,  therefore,  is  not  distinctly 
seen. 
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A.  All  the  transparent  part  of  the 
front  of  the  eye-ball 


The  curve  ABC  la  called  the 
cor'nea. 


i''^  this  curve  be  too  prominent 

(or  convex) ,  the  eye  is  near-sighted 

B 


If  too  flat  (or  concave),  the  eye 
is  far-sighted. 


Q.  What  is  meant  ly  the  "  eet'ina  of  the 
EYE  r"' 

A.  The  net-work,  which  lines  the 
back  of  the  eye,  is  called  the  retina. 


The  eye  is  covered  -with  a  tough  pearly  opaque  membrane,  called 
the  sclcrot'ric  coat,  going  all  round  the  eye  except  over  the  front 
DEF  (the  cornea) ;  at  D  and  F  it  terminates  and  makes  a  groove 
into  which  the  transparent  cornea  fits,  just  as  a  watch  glass  tits  into 
the  metal  rim  made  to  receive  it. 

The  opening  just  below  A  is  the  optic  nerve,  which  enters  the 
eye  on  that  side  nearest  the  nose ;  and  after  it  gets  into  the  eye," 
expands  into  the  lining  called  the  retina. 


Q.       iVliatsOrt  of  GLASSES  do  NEAE-SIGHTEB 

persons  wear  ? 

A.    If  the  cor'nea  be  too  convex  (oi 


The  net-work  ABC  is  called  the  ret'ina, 
and  the  projecting  part  DEF  is  called  the* 
cor'nea. 


E 


N.B.— This  net-work  is  composed  of 
spreading  out  of  the  fibres  of  the  nerve  ot 
vision. 
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projecting),  the  person  must  wear  double 
concave  glasses,  to  counteract  it. 

Q.     WTiat  is  meant  ly  "double  conoayb 

GLASSES  ?" 

A.    Glasses  hollo  wed-in  on  both  sides. 

\  I     The  figure  A  is  double  concave,  or  concave  on  both 
A  j  I  sides. 

Q.  Where  is  the  image  of  objects  formed,  if 
the  cornea  he  too  convex  ? 

A.  If  the  cor'nea  be  too  convex,  the 
image  of  a  distant  object  is  formed  in  the 
vitreous  humours  of  the  eye,  and  not  on 
the  retina. 

Thus  the  image  is  formed  at  DE ;  and 
not  oa  ABC  (the  retina). 


Q.  What  is  the  use  of  double  concatb 
SPECTACLE  glasses  ? 

A.  To  cast  the  image  further  hack; 
in  order  that  it  may  be  thrown  upon  the 
retina  and  become  visible. 
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Q.     Wliy  are  old  people  fae-sighted  ? 

A.  Because  the  humours  of  their 
eyes  are  dried  up  hy  age :  in  conse- 
quence of  which,  the  cornea  sinks  iii, 
or  becomes  flattened. 

Q.  Will/  does  the  FLATTENING  of  the  cou'ne  A 
prevent  persons  seeing  objects  which  are  neaeV 

A.  Because  the  cornea  is  too  flat; 
and  the  image  of  any  near  object  is  not 
completely  formed,  when  rays  reach  the 
eetina;  in  consequence  of  which,  the 
image  is  imperfect  and  confused. 


The  perfect  imapre  Tvcnlcl  be  made  at  DE ; 
and  not  on  ABC  (the  retina). 


Q.     What  sort  of  glasses  do  old  people 

WEAE  ? 

A.  As  their  cornea  is  not  sufficiently 
convex,  they  must  use  double  convex 
glasses,  to  enable  them  to  see  objects 
near  at  hand. 

Q.  W7iat  sort  of  glasses  are  "  double  con- 
vex SPECTACLE  GLASSES  ?" 
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A.  Glasses  which  curve  outioards  on 
both  sides. 

.A  ........ 

I    /  sides. 

Q..  WJiat  is  the  use  o/. double  contex 
spectacle  glasses  ? 

A.  To  shorten  the  focus  of  the  eye; 
and  bring  the  image  of  distant  objects 
upon  the  ret'ina. 

Q.  W7ii/  do  KEAH-siGHTED  persons  Iring 
objects  CLOSE  to  the  eye,  in  order  to  SEE  them  ? 

A.  Because  the  refracting  powers  of 
their  eye  are  so  great,  that  the  image  of 
distant  objects  is  formed  in  front  of  the 
ret'ina :  but  when  objects  are  brought 
near  to  the  eye,  their  image  is  thrown 
further  hade,  and  made  to  fall  on  the 
ret'ina. 

Because  then  th.e-f  ays  -which  come  from  them  to  the  eye  are  more 
divergent,  and,  theieforc,  require  more  refracting  power  to  bring 
them  to  a  focus. 

Q.  W7i7/  do  OLD  people  hold  objects  eab 
OFr,  in  order  to  see  them  better  ? 

A.    Because  the  refracting  powers  of 

N  a 
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their  eyes  -are  not  great  enough  :  when, 
however,  objects  are  held  further  off,  it 
compensates  for  this  defect ;  and  a  per- 
fect image  is  formed  on  the  ret'ina. 

Q.  Whi/  are  hawks  able  to  see  such  an 
IMMENSE  way  off? 

A.  Because  they  have  a  muscle  in 
the  eye,  which  enables  them  to  flatten 
their  cornea,  by  drawing  back  the  crystal- 
hne  lens. 

There  is  yet  some  little  uncertainty  as  to  tlie  cause  by  -whicli  the 
eye  is  enabled  to  adapt  itself  to  varj^ng  distances. 

Q.  W7ii/  can  hawks  see  objects  ivitliin  Tialf- 
an-incTi  of  their  eyes,  as  well  as  those  a  long 
way  off? 

A.  Because  their  eyes  are  furnished 
with  a  flexible  bony  rim;  which  can 
throw  the  cornea  forward,  and  make  the 
hawk  Tzear-sighted  [see  p.  405). 

Q.     Into  hoio  many  paets  may  a  bat  of 

I/IGHT  he  DIVIDED  ? 

^  A.  Into  three  parts  :  Blue,  Yellow, 
and  Bed. 

N.B.  These  three  colours,  by  combination,  mate  seven.  1. — Ked, 
2.— Orange  (or  red  and  yellow).  3.— Yellow.  4.— Green  (or 
yellow  and  blue).  5.— Blue.  6.— Inuigo  (a  shade  of  blue) ;  and 
7. — Violet  (or  blue  and  red). 

Q.  Sow  is  it  known,  that  a  ray  of  light 
consists  of  several  different  colours  ? 
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A.  Because  a  triangular  piece  of 
glass  (called  a  prism),  will  divide  it  into 
these  seven  colours:  1. — Red;  2. — 
Orange;  3. — Yellow;  4. — Green;  5. — 
Blue ;  6. — Indigo  ;  and  7. — Violet. 

Q.  TFJiJ/  does  a  prism  ditide  a  ray  of  ligJit 
into  TAEiotrs  colottes  ? 

A.  Because  all  these  colours  have 
different  refractive  susceptihilities.  Pted 
is  refracted  least,  and  blue  the  most: 
therefore,  the  Uue  colour  of  the  ray  will 
be  bent  to  the  top  of  the  prism,  and  the 
red  will  remain  at  the  bottom. 


Here  the  ray  AB  (received  on  a  pi-ism  at  B),  would  have  the  blue 
part  bent  up  to  C  ■  the  yellow  part  to  D ;  and  the  red  part  no 
further  than  E. 

Q.  What  is  meant  hy  the  eefeactiok  of  a 
ray  ?  ■•  i 

A.    Bending  it  from  its  straight  line. 

Thus  the  ray  AB  of  the  last  figure  is  refracted  at  B  into  three 
courses,  C,  D,  and  E. 

Q.     What  is  the  cause  of  a  eainbow  ? 

A.    When  the  clouds  opposite  the  sun 
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are  very  dark,  and  rain  is  still  falling 
from  them,  the  rays  of  the  bright  sun 
are  divided  into  colours  by  the  rain-drops, 
as  they  would  be  by  a  prism. 


Let  A,  B,  and  C  lie  three  drops  of  rain ;  SA,  SB,  and  SC,  three 
rays  of  the  sun.  They  are  all  divided  into  three  colouis,  by  the 
drops  of  rain  on  which  they  fall,  and  are  reflected  towai-ds  the  eye 
atD. 


But  since  the  coloured  rays  are  bent  in  different  degrees,  and  the 
drops  placed  at  different  heights,  only  one  colour  from  each  entei-s 
the  eye. 

Hence  the  eye  receives  the  least  refranpihle  (red)  from  A;  the 
next  least  (yello^-)  from  B ;  and  the  most  rcfrang-ible  (bluel  from  C. 
As,  however,  many  drops  are  similarly  circumstanced  witli  rcg-.ird 
to  the  eye,  arched  bands  of  colours  are  visible,  constituting  the 
rainbow. 

Q.  Does  EVEKT  person  see  the  same  colon  :s 
from  the  SAME  DiiOPS 
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A.  No  :  no  tivo  persons  see  the  same 
rainboio. 

To  another  spectator  the  rays  from  SB  might  be  red,  instead  of 
yellow  :  the  ray  from  SC,  yellow  ;  and  the  blue  might  be  reflected 
from  some  drop  below  C.  To  a  third  person  the  red  may  issue 
from  a  drop  above  A,  and  then  A  would  reflect  the  yellow,  and  B 
the  blue,  and  so  on. 

Q.  Why  are  there  often  two  rainbows,  at 
one  and  the  same  time  ? 

A.  In  one  rainbow  we  see  the  ravs  of 
the  sun  entering  the  rain-drops  at  the 
top,  and  reflected  to  the  eye  from  the 
bottom. 

In  the  other  rainbow,  we  see  the  rays 
of  the  sun  entering  the  rain-drops  at  the 
bottom,  and  reflected  at  the  top,  whence 
they  reach  the  eye. 


s 


0 


Here  the  ray  SA  (of  the  primary  rainbow)  strikes  the  drop  at  A,— 
is  refracted  or  bent  to  B,— is  then  reflected  to  C,  where  it  is  refracted 
again,  and  reaches  the  eye  of  the  spectator.    {See  p.  414.) 
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Here  the  ray  SB  (of  the  secondary  rainbow)  strikes  the  drop  at 
B,  is  refracted  to  A, — is  then  reflected  to  C, — is  again  reflected  to 
D,  when  it  is  again  refracted  or  bent,  till  it  reaches  the  eye  of  the 
spectator. 

Q.     Why  are  the  colotjbs  of  the  seoond  how 

all  KETEKSED  ? 

A.  Because  in  one  bow  Ave  see  the 
rays,  which  enter  at  the  top  of  the  rain- 
drops, refracted,  from  the  bottom  ; 

But  in  the  other  bow  we  see  the  rays, 
which  enter  at  the  bottom  of  the  rain- 
drops (after  two  reflections)  refracted 
from  the  top. 

See  figure  on  next  page. 
Here  ABC  represent  three  di-ops  of  rain  in  the  secondabt  (or 

upper)  RAINBOW. 

The  least  refracted  line  is  ked,  and  BLtre  the  most. 
So  the  BLUE  (or  most  refracted  rays)  of  all  the  drops  in  the  position 
of  A,— the  YELLOW  of  those  in  the  position  of  B.  and  the  eed  (or  the 
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hast  refracted  rays)  of  the  lowest  drops,  all  meet'the  eye  D,  ani 
form  a  rainbow  to  the  spectator. 

The  reason  why  the  primary  bow  exhibits  the  stronger  colours 
is  this — because  the  colours  are  seen  after  one  reflection  and  two 
refractions  :  but  the  colours  of  the  secondary  (or  upper)  rainbow, 
undergo  ttoo  reflections  and  two  refractions. 

(^oe  figure  on  p.  412.)  Here  also  the  least  refracted  ray  is  red, 
and  the  most  refracted  blue  (as  in  the  former  case) ;  but  the  position 
of  each  is  reversed. 

Q.     Will/  does  a  soap  bubble  exhibit  such  a 

VAEIETT  of  COLOUES  ? 

A.  Because  the  thickness  of  the  film 
through  which  the  rays  pass,  is  con- 
stantly varying. 


Q.  JVhi/  does  the  thicktstess  of  the  riLM 
aff'ect  the  cOLOUJi  of  a  soap  bubble  ? 
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A.  Because  different  degrees  of  thiclc- 
ness  in  the  film  produce  different  powers 
of  refraction  ;  and,  therefore,  where  the 
thickness  of  the  film  varies,  different 
colours  reach  the  eye. 

"Where  a  spot  on  the  bubble  gro'ws  cxcessirely  thin,  it  appears 
black,  because  it  then  transmits  all  the  light  and  reflects  none. 

Q.     Why  is  a  soap  bubble  so  constantly 

CHANGING  its  THICKNESS  ? 

A.  Because  v^SLter  runs  dozen  from  tlie 
top  to  the  bottom  of  the  bubble,  till  the 
crown  becomes  so  thin  as  to  burst. 

Q.     Wliy  are  some  tilings  teanspabent  ? 

A.  Because  the}^  are  so  constituted 
as  to  allow  the  yibrations  of  light  to 
be  uniformly  transmitted  through  their 
substance. 

Q.    Wliy  are  some  tilings  not  teanspabent  ? 

A.  Because  they  are  so  constituted 
as  not  to  allow  the  vibrations  of  light  to 
be  transmitted  through  their  substance. 

Therefore  they  are  seen  by  li^ht  reflected  back  from  them,  instead 
of  allowing  other  bodies  to  be  seen  by  light  transnritted  through 
them. 

Q.  Why  are  dbt  paper  and  calico  (which 
are  opaque)  made  iransimrent  by  being  oiled  ? 


TRANSPARENCY. 


A.    Because  the  pores  are  filled  by 

the  oil,  which  has  a  different  refractive 

power  to  the  substance  of  the  paper 

itself : — by  this  means  the  substance 

acquires  the  property  of  transmitting 

vibrations  of  light. 

Q.  Wliy  are  some  things  SHrNiNG,  and 
others  DULL  ? 

A.  Because  some  things  reflect  rays, 
and  are  higlit ;  but  others  absorb  them. 

Q.     W7ii/  do  DESEETS  DAzzLE/rom  sunshine  ? 

A.    Because  each  grain  of  sand  reflects 

the  rays  of  the  sun,  like  a  muTor. 

Q  Why  are  the  edges  of  clottds  more 
LUMINOUS,  than  their  centees  ? 

A.    Because  the  bodij  of  vapour  is 

thinnest  at  the  edges  of  the  clouds. 

Q.     "Why  is  a  ray  of  LiGni  composed  of 

VAEJOUS  COLOUES  ? 

A.  To  vary  the  colour  of  different 
objects.  If  solar  light  were  of  one  uni- 
form colour,  all  objects  would  appear  of 
that  one  colour,  or  else  black. 

Q.  Some  things  are  of  oke  coloue,  and 
some  nf  ANOTHEE.    Explain  the  cause  of  this. 

A.    Every  ray  of  light  is  composed  of 
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all  the  colours  of  the  rainbow ;  and  some 
things  reflect  one  of  these  colours,  and 
some  another. 

Q.  Why  do  some  things  reflect  one  colour, 
and  some  anothee  ? 

K.  Because  the  surface  of  things  is 
differently  constructed,  both  physically  and 
chemically. 

As  the  thickness  of  a  cord  affects  the  tone  of  it,  so  the  thickness  of 
a  lamina  affects  its  colo\u',  as  may  be  seen  in  a  soap  bubble.  Thin 
iii/lit  cords  produce  sharp  shrill  sounds,  and  thin  laminaj  produce 
hiiw  and  violet  colours.  J'hick  loose  cords  produce  deep  bass  sounds, 
and  thick  laminae  red  colours. 

Q.       JVJii/  is  a  TIOLET  BLTTE  ? 

A.  Because  the  undulations  of  ether, 
which  touch  its  sm-face,  are  thrown  back 
with  the  utmost  rapidity;  as  the  undu- 
lations of  sound  from  a  very  thin  tight 
cord  of  an  J^olian  harp. 

Blue,  or  rather  purple,  is  the  liightrchle-'nbra.Mon  of  light,  like  the 
upper  C  in  music.  In  order  to  produce  violet  colour,  the  uJidulations 
of  ether  must  be  699  miUions  of  millions  per  second  :  and  in  order 
to  make  high  C  in  music,  a  cord  must  vibrate  516  times  per  second. 

Q.     Wliy  is  a  ROSE  red  ? 

A.  Ked  is  the  deep  lass  vibration  of 
ether,  in  which  the  undulations  are  as 
slow  as  they  possibly  can  be,  in  order 
to  be  apparent. 
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Hence  the  blind  man,  who  said  "  the  deep  blast  of  a  trumpet  was 
scarlet,"  felt  an  analogy,  which  science  corroborates. 

To  produce  rod,  the  ether  must  be  jerked  off  the  surface  of  the 
body  at  the  rate  of  477  millions  of  millions  vibrations  ui  a  second : 
and  in  order  to  make  low  C  in  music,  the  air  must  vibrate  only  258 
times  m  a  second. 

Q.     Why  is  a  peimeose  yellow  ? 
A.    Yellow  is  made  by  the  medium 
yibrations,  as  the  middle  C  in  music. 

Q.      Why  are  some  things  black,  like  coals  ? 

A.  Because  their  surface  will  not 
reflect  the  undulations  of  ether  which 
touch  it :  in  consequence  of  which,  they 
cease. 

These  surfaces  are  to  light,  what  insonorous  substances  are  to 
tound. 

Q.     Why  are  some  things  white,  lilce  a  lily  ? 

A.  Because  their  surface  is  so  con- 
structed as  to  set  in  motion  the  undula- 
tions of  ether,  so  that  all  the  rays  are 
reflected  together,  as  harmonious  tones 
in  a  full  chord  of  music. 

Q.     Why  are  feoth,  speat,  many  oloubs, 

PAT,  LIME,  THEEAD,  ^C,  SfC,  wMte  ? 

A.  Because  they  consist  of  an  infinite 
number  of  little  particles  piled  one  upon 
another,  which  are  ahjp.  to  reflect  all  the 
coloured  rays. 
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Q.     Wliy  are  bones  white  ? 

A.  Because  they  are  composed  of 
very  small  straight  pipes,  capable  of 
reflecting  all  the  colours  together:  600 
would  be  no  thicker  than  a  hair. 

On  the  colour  of  snow,  sugar,  salt,  &c,,  see  p.  351. 

Q.      Wliy  are  tlie  LEAVES  of  plants  green? 

A.  Because  a  peculiar  chemical  prin- 
ciple, called  cho'rophyll,  is  formed  within 
their  cells. 

Chlorophyll  xAupov  ^IWov,  [a  green  lecf)  is  the  gi'seri  matter 
of  vegetable  substances.   Fronounce  klo'-ro-fill. 

Q.     Why  are  leaves  a  light  green  in  speing  ? 

A.  Because  the  chlorophyll  is  not 
fully  formed. 

Q.     Why  do  leaves  turn  beowk  in  atjtitmn  ? 

A.  Because  the  chlorophyll  under- 
goes decay ;  and  is  not  replaced  as  it  is 
in  spring. 

Q.  Why  are  plants  a  pale  yellow,  when 
kept  in  the  dark  ? 

A.  Because  chlorophyll  can  be  formed 
only  by  the  agency  of  the  suns  rays. 

Q.     Why  are  potatoes  yellow  ? 

A.  Because  they  are  grown  under - 
ground:  and,  therefore,  can  form  no 
chlorophyll  in  their  tubers. 
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Q.  Why  are  potatoes  (wMcJi  grow  exposed 
to  the  air  and  light)  geeen  ? 

A.  Because  chlo'rophyll  is  formed  in 

them,  under  the  influence  of  the  sun's 
Hght. 

Q.  Why  do  the  stabs  twinkle  ? 

A.  Because  rays  of  hght,  proceeding 
from  the  same  centre  of  vibration,  clestroij 
each  other,  owing  to  the  inequahty  of 
their  paths,  producing  recurring  periods 
of  momentary  darkness. 

The  differing  refrang^bility  of  the  atmospheric  strata  passed 
through,  is  the  principal  cause  of  the  ineiiuality  in  the  motion  of 
the  successive  systems  of  ■wares. 

The  similarity  hetween  sound  and  light  has  been  already  advertr  d 
to  in  pp.  418,  419. — In  this  particular  we  find  another  forcible  re- 
semblance, viz. : 

I.  Two  SOUNDS  rMTKHCEPTINQ  EACH   OTHER'S   OSOILIATIONS  at 

opposite  phases,  will  both  be  silenced. 

Vibrate  a  tuning  fork,  and  hold  it  over  the  mouth  of  a  glass 
beaker,  the  air  will  instantly  assume  sonorous  vibrations,  and  a 
tone  will  be  produced. 

Now  hold  a  beaker  at  right  angles  to  the  other,  and  the  musical 
tone  will  instantly  cease.  Withdraw  the  second  glass,  and  the  tone 
returns.  Hold  it  again  at  right  angles  to  the  other,  and  the  tone  la 
silenced ;  and  this  may  be  repeated  several  times. 

II.  So  also  TWO  UATS  OP  LIOHT  INTERCEPTINO  EACH  OTHER  at 

opposite  phases,  will  produce  darkness. 

Because  the  depression  of  one  set  of  waves  will  be  exactly  mea- 
sured by  the  elevation  of  the  other  set,  and  vice  versa.  To  explaia 
this.— 
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WAVES. 


If  B  were  fitted  into  A,  as  the  deprecR'.on  of  B  is  exactly  com- 
mensuiate  with  the  elevation  of  A,  the  two  wavy  lines  would  make 
a  level  surface. 


Again,  suppose  A  the  undulations  of  one  star,  and  B  those  of 
another,  exactly  half  a  phase  difl'erent,  then  it  is  evident  that  the 
elevations  and  depressions  of  A  would  he  exactly  destroyed  by  the 
depressions  and  elevations  of  B ;  and  the  result  of  such  an  inter- 
ference may  be  illustrated  by  the  following  algebraic  formula : 

+  -  +  - 
-  +  -  + 
«    «     «  « 


Here  A  D  is  a  wave,  A  C  one  phase,  C  D  its  opposite  phase. 

Q.  If  you  move  a  stick  (burnt  at  one  end) 
pretty  IriMy  hound,  it  seems  to  make  a  cikcle 
or  JTiEE,  —Why  is  this? 

A.    Because  the  eye  retains  the  image 


thaumateope 


423 


of  any  bright  object,  after  the  object  itself 
is  withdraivn ;  and  as  the  spark  of  the 
stick  retm^ns  before  the  image  has  faded 
from  the  eye,  it  seems  to  form  a  complete 
circle. 

Q.  If  separate  Jlgtcres  (as  a  man  and  a  Tiorse) 
he  draion  on  different  sides  of  a  card,  and  the 
card  TWISTED  quicldy,  the  man  loill  seem  to  he 
seated  on  the  horse, — Why  is  this? 

A.  Because  the  image  of  the  horse 
remains  upon  the  eye,  till  the  man  appears. 

The  Thaumatrope  is  constructed  on  this  principle ;  it  ■was  invented 
by  Dr.  Paris,  and  consisted  at  first  of  a  piece  of  circular  card,  having 
two  Bilk  strings  fastened  at  the  two  extremes  of  its  diameter  :  hy 
twisting  the  strings,  the  card  is  turned  round  ■with  great  rapidity, 
and  the  man  on  one  side  of  the  card  seems  seated  on  the  horse 
painted  on  the  obverse  side.  The  magnificent  conformations  of 
coloured  waves,  by  the  same  instrument,  is  a  great  improvement 
on  the  original  toy. 

Q.  If  we  look  at  a  bed-Ao^  piee  for  a  few 
mimites,  "wht  does  every  thing  seem  tinged  loith 

a  BLUISH  GEEEN  Colour  ? 

A.  Because  bluish  green  is  the 
"  ACCIDENTAL  coloue"  of  red :  If  we  fix 
our  eye  upon  anij  colour  whatsoever,  we 
see  eveiy  object  tinged  with  its  accidental 
colour,  when  we  turn  aside. 

"Accidental  colour,"  see  note,  p  415. 
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ACCIDENTAL  COuOuHS. 


Q.  Why  does  tlie  eije  -perceive  the  accidental 
COLOTJE,  lolien  the  fundamental  one  is  removed? 

A.  Because  the  nerve  of  the  eye  has 
become  tired  of  the  one,  but  still  remains 
fresh  for  the  perception  of  the  other. 

Q.  If  we  wear  blue  glasses,  wihy  does  every 
thing  appear  tinged  with  oeange,  when  we  take 
them  off? 

A.  Because  orange  is  the  accidental 
colour"  of  blue  :  and  if  we  look  through 
hliie  glasses,  we  shall  see  its  "  accidental 
colour"  when  we  lay  our  glasses  aside. 

Q.  If  we  look  at  the  sv^for  a  few  moments, 
every  thing  seems  tinged  luith  a  violet  colour, — 
Why  is  this  ? 

A.  Because  violet  is  the  "  accidental 
colour"  of  yellow ;  and  as  the  sun  is  ijel- 
loio,  we  shall  see  its  "  accidental  colour" 
blue,  when  we  turn  from  gazing  at  it. 

Q.  Does  not  the  daek  shadow  (which  seems 
to  hang  over  every  thing,  after  toe  turn  from 
looking  at  the  sun )  arise  from  our  eyes  being 

DAZZLED  ? 

A.  Partly  so  :  the  pupil  of  the  eye  is 
very  much  contracted  by  the  brilliant  light 
of  the  sun,  and  does  not  adjust  itself 
immediately  to  the  feebler  light  of  terres- 
trial objects;  but,  independent  of  this, 
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the  "  ACCIDENTAL  coloue"  of  tliG  sun 
being  darh  violet,  would  tend  to  throw  a 
shadow  upon  all  things.    {See  p.  383.) 

Q.  Whi/  is  BLA.CK  fflass  for  spectacles  the 
BEST  for  wear,  in  this  respect  ? 

A.  Because  lohite  is  the  accidental 
colour  of  hlach ;  and  if  we  wear  hlach 
glasses,  every  thing  will  appear  in  white 
light,  when  we  take  them  off.  ^ 

Q,  Wliy  does  every  thing  seem  shadowed  with 
a  BLACK  MIST,  wheu  we  take  off  our  common 

SPECTACLES  ? 

A.  Because  the  glasses  are  ivhite : 
and  black  being  its  "  accidental  colour," 
every  thing  appears  in  a  hlach  shade, 
when  we  lay  our  glasses  down. 

The  accidental  colour  of  red        is  bluish,  green. 
„         ,,  ,,      of  orange    ,,  blue. 

„         „  „      of  violet      „  yellow. 

„         „  „      of  black      „  white. 

And  the  converse  of  this  is  true  : — 

The  accidental  colour  of  bluish  green  is  red. 
„         „  ,1      of  blue  „  orange. 

„  ,,      of  yellow  „  violet. 

„  „      of  white  ,,  black. 

(The  law  of  an  accidental  colour  is  this — The  accidental  colour  is 
always  half  the  spectrum.  Thus  if  we  take  half  the  length  of  the 
spectrum  by  a  pair  of  compasses,  and  fix  one  leg  in  any  colour,  the 
other  leg  will  hit  upon  its  accidental  colour.) 

N.B. — The  spectrum  means  the  seven  colours  (red,  orange,  yellow, 
green,  blue,  indigo,  and  violet,)  divided  into  seven  equal  bands,  and 
placed  side  by  side  in  the  order  just  mentioned. 
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CHAPTER  XXVIII. 


SOUND. 


Q.     Sow  is  sovifD  produced  f 

A.  The  Yibration  of  some  sonorous 
substance  produces  a  corresponding  mo- 
tion in  the  air,  which  strikes  upon  the 
drum  of  the  ear,  and  gives  the  sensation 
of  sound. 

Q.     WJiaf  are  mtjsical  sounds  ? 

A.  Regular  and  uniform  successions 
of  vibrations. 

Q.     So^fast  does  sound  teavel  ? 

A.  About  13  miles  in  a  minute,  or 
1142  feet  in  a  second  of  time. 

Light  -woukl  go  8  times  round  the  -whole  earth,  -while  sound  is 
going  its  13  miles. 

Q.    Why  are  some  tilings  sonorous,  and  others 

NOT? 

A.  The  sonorous  quality  of  any 
substance,  is  connected  with  its  hardness 

and  elasticity. 

Q.  Why  are  copper  and  iron  sonorous^ 
and  not  lead  ? 
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A.  Because  copper  and  iron  are  hard 
and  elastic  ;  but  lead,  being  neitber  hard 
nor  yet  elastic,  is  not  sonorous. 

Q.     Of  what  is  BELL-METAL  made  ? 

A.  Of  copper  and  tin  in  the  following 
proportions  : — In  every  5  pounds  of  bell- 
metal,  there  should  be  lib.  of  tin,  and 
4  lbs.  of  copper. 

Q.  Why  is  this  mixture  of  tin  and  copper 
used  for  bell-metal  ? 

A.  Because  it  is  much  harder  and 
more  elastic,  than  any  of  the  pure 
metals. 

Q.  Why  is  the  sound  of  a  hell  stopped,  by 
TOUCHING  the  bell  with  our  finger  ? 

A.  Because  the  weight  of  our  finger 
stops  the  vibrations  of  the  bell :  and  as 
soon  as  the  bell  ceases  to  vibrate,  it  ceases 
to  make  sound-waves  in  the  air. 

Q.  Why  does  a  split  bell  make  a  hoarse 
disayreeable  sound? 

A.  Because  the  split  of  the  bell 
causes  a  double  vibration:  And  as  the 
sound-waves  clash  and  jar,  they  impede 
each  other's  motion,  and  produce  discor- 
dant sounds. 
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MUSICAL  SOUNDS. 


Q.  Why  do  riDDLE-STEliTOS  give  musical 
sounds  ? 

A,  Because  the  bow  cav^es  them  to 
vibrate  ;  and  this  vibration  sets  in  motion 
the  sound-waves  of  the  air,  and  produces 
musical  notes. 

Q.     Will/  does  a  Durii  sound? 

A.  Because  the  parchment  head  of 
the  drum  vibrates  from  the  blow  of  the 
drum-stick,  and  sets  in  motion  the 
sound-waves  of  the  air. 

Q.     T'F/jy  Jo  MUSICAL  QLkss:ES  give  soimd  ? 

A.  Because  the  glasses  vibrate  when 
they  are  struck,  and  set  in  motion  the 
sound-waves  of  the  air. 

Q.  Why  do  ELUTES,  ^c,  produce  musical 
sounds  ? 

A.  Because  the  breath  of  the  per- 
former causes  the  air  in  the  flute  to 
vibrate  ;  and  this  vibration  sets  in  motion 
the  sound-waves  of  the  air. 

Q.  WJiy  do  PIAKO-FOETES  produce  imtsical 
sounds  ? 

A.  Because  each  liey  of  the  piano 
(being  struck  with  the  finger)  lifts  up  a 
little  hammer,  Avhich  knocks  against  a 
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string ;  and  the  vibration  thus  produced, 
sets  in  motion  the  sound-waves  of  the  air. 
Q.     Wliy  are  some  notes  bass,  and  some 

TEEBLE  ? 

A.  Because  slow  vibrations  produce 
hass  or  deep  sounds ;  but  quick  vibrations 
produce  shrill  or  treble  ones. 

The  deepest  bass  sound  audible  is  produced  by  32  vibrations  in  a 
seconrl ,  the  sharpest  treble  sound  by  15,000. 

Tha  note  of  any  higher  octave  is  produced  by  tmoe  as  many  vibra- 
tions, as  the  corresponding  note  of  the  octave  b:low.  Thns'if  C  on 
the  piano  be  produced  by  258  ■('ibrations  in  a  second,  then  the  octave 
(or  eighth  note  higher)  ■would  be  produced  by  51G  vibrations  in  the 
same  tiine,  and  the  eighth  note  lower  by  129  vibrations.  [Sec  p.  418.) 

Q.  Why  is  an  instrument  tlat,  ivhen  the 
strings  are  fnstiiuis'g  ? 

A.    Because  the  vibrations  being  too 

slow,  the  sounds  produced  are  not  shrill 

or  sharp  enough. 

Q.     Why  can  persons,  living  a  mile  or  two 
from  a  town,  hear  the  hells  of  the  town-church 
SOMETIMES,  and  not  at  others  ? 

A.  Because  fogs,  rain,  and  snow 
obstruct  the  passage  of  sound;  but  when 
the  air  is  cold  and  clear,  sound  is  propa- 
gated more  easily. 

The  direction  of  the  vnnA  will  often  account  for  this  fact. 

Q.  Why  can  toe  not  hear  sounds  ( as  those 
of  distant  church  hells')  in  eaint  or  snowy  weather, 
so  well  as  in  tine  weather  ? 
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A.  Because  falling  rain  or  snow 
interferes  with  the  undulations  of  the 
sound-waves,  and  stops  their  progress.  ^ 

Q.     Wh^  can  we  heap,  distant  clocks  most 
distinctly  in  clear  cold  weather  ? 

A.  Because  the  air  is  of  more  uni- 
form, density,  and  there  are  feioer  currents 
of  air,  of  unequal  temperature,  to  in- 
terrupt the  sound-waves. 

Besides,  dense  air  can  propagate  sound-waves  more  readily  than 
rai'er  air. 

Q.  Why  can  persons  (near  the  poles)  hear 
the  voices  of  men  in  conversation  a  mile  distant 
in  winter  time  ? 

A.  Because  the  air  is  very  cold,  clear, 
and  still;  in  consequence  of  which,  there 
are  hut  few  currents  of  air  of  unequal 
temperature  to  interrupt  the  sound-waves. 

Captain  Ross  heard  the  voices  of  his  men  in  conversation  a  mile 
and  a  hvilf  from  the  spot  vrhere  thej'  stood ;  and  Lieutenant  Foster 
held  a  conversation  -w  ith  a  man  across  the  harbour  of  Port  BoTven, 
(in  the  North  Sea,)  a  distance  of  a  mile  and  a  quarter. 

Q.  Why  are  not  sounds  fsuch  as  those  of 
distant  church  lellsj  heard  so  distinctly  on  a  HOT 
DA.T,  as  in  frosty  weather? 

A.    1st. — Because  the  density  of  the 
air  is  less  uniform  in  very  hot  weather : 
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Snclly — It  is  more  rarefied;  and,  con- 
sequently, a  worse  conductor  of  sound : 
and 

3rdly — It  is  more  liable  to  accidental 
currents,  which  impede  the  progress  of 
sound. 

Q.  W^^i  can  we  not  liear  sounds  (such  as 
those  of  distant  clocks)  so  distinctly  in  a  thick 
MIST  or  HAZE,  as  in  a  clear  night  ? 

A.  Because  the  density  of  the  air  is 
not  so  uniform  when  it  is  laden  with 
mist;  in  consequence  of  which,  its 
sound-ivaves  are  obstructed  in  then- 
progress. 

Q.  Why  do  we  hear  sounds  better  hy  night, 
than  by  day  ? 

A.  1st — Because  aiight  air  is  of  more 
uniform  densitij,  and  less  hable  to  acci- 
dental currents ;  and 

Sndly — Night  is  more  still,  from  tht 
suspension  of  business  and  the  hum  of 
men. 

Q.  Why  is  the  air  of  more  UNiroEM  den- 
sity by  NIGHT,  than  it  is  by  day  ? 

A.    Because  the  breezes  (created  by 
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the  action  of  the  sun's  rays)  generally 
cease  at  night-fall. 

Q.  How  sJiould  PAETITION  WAILS  1)6  made, 
to  PEEYENT  the  voices  in  adjoining  rooms  from 
heing  heard? 

A.  The  space  between  the  laths  (or 
canvass)  should  be  filled  with  shavings 
(or  saio-dust ;)  and  then  no  sound  would 
pass  from  one  room  to  another. 

Q.  JVht/  would  shavings,  or  saw-dust,  pee- 
TENT  the  transmission  of  sound  from  room  to 
room  ? 

A.  Because  there  would  be  several 
different  media  for  the  sound  to  pass 
through  :  1st — the  air :  Sndly — the  laths 
and  paper :  3rdly — the  saw-dust  or  sha- 
vings :  4thly — lath  and  paper  again  : 
5thly — the  air  again  :  and  every  change 
of  medium  re:.ists  the  progress  of  the 
sound-waves. 

Q.     Why  can  deaf  people  hear  through  am 

EAR  TETJMPET  ? 

A.  Because  it  restrains  the  spread  of 
the  voice,  and  limits  the  diameter  of  the-, 
sound-ivaves ;  in  consequence  of  which, 
their  strength  is  increased. 

Q.    Why  are  mountains  noiseless  and  quiet L 
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A.  Because  the  air  of  mountains  is 
very  rarefied;  and  rarefied  air  is  a  bad 
medium  for  conducting  sound. 

On  the  other  hand,  slight  sounds  in  a  diving-bell,  -n^hen  the  air  is 
much  condensed  by  the  upward  pressure  of  the  water,  are  very 
intense,  and  sometimes  even  painful. 

Q.  Holo  do  you  know,  that  the  rarity  of  air 
DIMINISHES  the  intensity  of  sound  ? 

A.  If  a  bell  be  rang  in  the  receiver 
of  an  air  pump,  the  sound  becomes 
fainter  and  fainter,  as  the  air  is  exhausted; 
till  at  last  it  is  almost  inaudible. 

Q.     What  is  the  cause  of  echo  ? 

A.  Whenever  a  sound-wave  strikes 
against  any  obstacle  (such  as  a  wall  or 
hill)  it  is  reflected  (or  thrown  back) ;  and 
this  reflected  sound  is  called  an  echo. 

The  same  laws  govern  echo  as  light.    {Seep.  387.) 

Q,     What  places  are  most  famous  for  echo  ? 

A.    Caverns,    grottoes,  and  ruined 

abbeys ;  the  areas  of  halls ;  the  windings 

of  long  passages  :  the  aisles  of  cathedral 

churches  :  mountains,  and  icebergs. 

Q.  Why  are  caverns,  and  grottoes,  famous 
for  echoes  ? 

A.    lieoause  the  sound-waves  which 
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cannot  pass  through  the  cavern  or  grotto, 
are  driven  back  again  from  their  sides. 

Q.  Why  are  halls,  winding  passages,  ruinSj 
and  cathedral  aisles,  famous  for  echoes  ? 

A.  Because  the  sound  waves  cannot 
fioiv  freely  fonvarcl  in  them :  but  strilve 
against  the  opposing  walls  and  ai^e 
beaten  hach. 

V    Q.     Whg   are   mountaiks   and  ice-bergs 

'EA.MOVSfor  ECHOES? 

A,  Because  they  present  an  insur- 
mountable barrier  to  the  sound-waves, 
and  throw  them  hach  again. 

Q.  Wkg  do  not  the  walls  of  an  ordinarg 
EOOM  or  small  church  produce  perceptihle  echo  ? 

A.  Because  sound  travels  with  such 
velocity,  that  the  echo  is  blended  with  the 
/Original  sound ;  and  the  two  produce  but 
one  impression  on  the  air. 

Sound  travels  13  miles  ill  a  minute ;  and  no  perfect  echo  is  heard 
unless  the  surface  (agauist  which  the  sound  strikes)  is  65  feet  from 
the  place  whence  the  soimd  originally  proceeded. 

Q.  Why  do  very  laege  buildings  (as  cathe- 
drals), often  eetekbebate  the  voice  of  the 
speaker  ? 

A.  Because  the  walls  are  so  far  off 
from  the  speaker  that  the  echo  does  not 
get  back  in  time  to  blend  with  the  original 
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sound;  and,  therefore,  each  is  heard 

separately. 

Q.  Will/  do  SOME  echoes  repeat  only  one 
syllable  ? 

A.    Because  the  echoing  body  is  very 

near.    The  further  the  echoing  body  is 

off,  the  more  syllables  it  will  reflect :  If, 

therefore,  it  be  very  near,  it  will  repeat 

but  one  syllable. 

Q.  Why  does  an  echo  sometimes  repeat  two 
or  more  syllables  ? 

A.  Because  the  echoing  body  is  far 
off ;  and  there  is  time  for  one  reflection 
to  pass  away,  before  another  reaches  the 
ear. 

N.B. — All  the  syllables  must  be  uttered  bsfore  the  echo  of  the 
first  syllable  reaches  the  ear — If,  therefore,  a  person  repea:;s  seven 
syllables  in  two  seconds  of  time,  and  hoars  them  all  eoliacd,  the 
ting  object  is  1142  feet  distant ;  (because  sound  travels  11 12 
feet  in  a  second,  and  the  words  talce  one  second  to  go  to  the  reflect- 
ing object,  and  one  second  to  retimi,.) 

Q.  Why  are  two  or  more  echoes  sometimea 
heard  ? 

A.  Because  separate  reverberating 
surfaces  receive  the  sound,  and  reflect  it 
in  succession. 

Seventeen  miles  above  Glasgow  (Scotland)  near  a  mansion  eailcd 
Uosueath,  is  a  very  remarliable  cclio.   If  a  trumpeter  ]ilays  a  tune, 
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the  echo  -srill  begin  the  same  tune  and  repeat  it  all  accurately  : — sis 
snon  as  this  echo  has  ceased,  another  Tvill  echo  the  same  tune  in  a 
lower  tone  ;  and  after  the  second  echo  has  ceased,  a  third  will  suc- 
ceed with  equal  fidelity,  though  in  a  much  feebler  tone. 

At  the  Lake  of  Killamey,  in  Ireland,  there  is  an  echo,  which 
plays  an  excellent  "  second"  to  any  simiple  tune  played  on  a  bugle. 


Q.     Why  do  windows  battle  when  caets 


A.  1st — Because  glass  is  sonorous; 
and  the  air  communicates  its  vibrations 
to  the  glass,  which  echoes  the  same 
sound:  and 


Window  frames  are  shaken,  1  By  sound-waves  impinging 

atruinst  them ;  2. — By  a  vibratory  motion  communicated  to  them  by 
the  walls  of  the  house. 


being  slia- 


hen,  contributes  to  the  noise. 


CHAPTER  XXIX. 


MISCELLANEOUS. 


Q.     Why  do  the  bubbles  in  a  oup  of  tea. 

range  round  the  sides  of  the  cup  ? 

A.    Because  the  cup  attracts  them. 
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Q.  Why  do  all  the  little  bubbles  tend 
towards  the  laege  ones  ? 

A.  Because  the  large  bubbles  (being 
the  superior  masses)  attract  them. 

Q.     Why  do  the  bubbles  q/"  a  ctjp  or  tea 

rOLLO"W  a  TEA-SPOON  ? 

A.  Because  the  tea-spoon  attracts 
them. 

Q.  TVhy  are  the  sides  of  a  pond  covered 
with  LEATES,  while  the  middle  of  the  pond  is 
quite  CLEAB,  ? 

A.  Because  the  shore  attracts  the 
leaves  to  itself. 

If  there  be  any  ■wind  stirring,  it  mil  drive  floating  bodies  to  one 
side  independently  of  this  attractive  force. 

Q.  Why  do  all  fruits,  Sfc.  (when  severed  from 
the  tree )  eall  to  the  eaeth  ? 

A.    Because  the  earth  attracts  them. 

Q.  Why  do  persons  (who  water  plants)  very 
often  pour  the  water  into  the  sauceb,  and  not 
over  the  plants  ? 

A    Because  the  water  in  the  saucer 

is  drawn  up  by  the  mould  (through  the 

hole  at  the  bottom  of  the  flower-pot) 

and  transferred  through  the  root  to  the 

stem  and  leaves  of  the  plant  by  capillary 

ATTRACTION.    {Seep.  70.) 

p  a  3 
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Q.  WTiy  is  vegetation  on  the  maegin  of  a 
EIVEE  more  luxueiant,  than  in  an  open  pield  ? 

A.  Because  the  porous  earth  on  the 
bank  draws  up  water  to  the  roots  of  the 
plants  by  capillary  attraction. 

Q.  Why  is  a  LUMP  of  SUGAR  (left  at  the 
bottom  of  a  cup)  so  long-  in  melt^g  '.' 

A.  Because  (as  it  melts)  it  makes  the 
tea  around  it  heavier :  and  (so  long  as  it 
remains  at  the  bottom)  is  sm-rounded  by- 
tea  fully  saturated  with  sugar;  in  con- 
sequence of  which,  the  same  portions  of 
liquid  will  hold  no  more  sugar  in  solution. 

Q.  Why  does  a  lump  of  sugae  melt  more 
qjjic&in,  when  stieeed  about  ? 

A.  Because  fresh  portions  of  unsatu- 
rated tea  come  in  contact  with  the  lump, 
and  soon  dissolve  it. 

Q.  Why  does  a  piece  oe  sugae  (held  in  a 
spoon  at  the  top  of  out  tea)  melt  very  eapiulx  ? 

A.  Because,  as  the  tea  becomes 
sweetened,  it  descends  to  the  bottom  of  the 
cup  by  its  own  gravity ;  and  fresh  portions 
of  unsweetened  tea  are  brought  con- 
stantly into  contact  with  the  sugiu-,  till 
the  lump  is  entirely  dissolved. 


TAINT  EEMOVED. 
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Q.  Koio  can  a  sick  eoom  le  kept  peeej^otw 
unJiealthy  EFrLUVlA  r* 

A.  By  sprinkling  it  with  a  solution 
of  chloride  of  lime. 

Q.  Whj  is  CHLOEIDE  of  LIME  used  to 
fumigate  a  sick  room  ? 

A.  Because  the  chlorine  absorbs  the 
noxious  gases  of  the  confined  air ;  and  by 
this  means  removes  both  the  offensive 
smell  and  the  infection  of  a  sick  room. 

Q.  Why  does  lime  destroy  the  offensive 
smells  of  BINS,  sewees,  ^e.  ? 

A.  Because  it  decomposes  the  offen- 
sive gases  upon  which  the  smell  depends, 
and  destroys  them,  by  chemical  union. 

Q.     How  can  the  taint  of  meat  he  removed  ? 

A.  Either  by  washing  with  pyeolig- 
NEOUS  ACID, — or  by  covering  the  meat 
for  a  few  hours  with  common  charcoal, 
or  by  putting  a  few  lumps  of  charcoal 
into  the  loater  in  ivhich  it  teas  boiled. 

Q.  Why  do  these  thinys  dtlstjioy  the  taint 
of  meat  ? 

A.  Because  they  combine  with  the 
putrescent  particles,  and  neutralize  their 
offensive  taste  and  smell. 
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SLEEP. 


Q.  Wliy  Sliould  BED-EOOMS,  COTTAGES,  HOS- 
PITALS, and  STABLES,  he  washed  occasionally  with 

LIME-WHITE  ? 

A.  Because  lime  is  venj  caustic,  and 
removes  all  organic  matters  adhering  to 
the  walls. 

Q.  Why  is  a  DEAD  man  talleb  thaii  a  living 
one  ? 

A.  Because  at  death  the  cartilages 
are  relaxed.  So,  also,  after  a  night's 
i-est,  a  man  is  taller  than  when  he  went 
to  bed. 

Q.     What  is  sleep  ? 

A.  Sleep  is  the  rest  of  the  brain, 
and  the  sensitive  and  motor  parts  of  the 
nervous  system. 

"Motor"  (from  the  Latin  moveo  to  move,)  those  parts  -n-Mchare 
connected  with  animal  motion. 

Q.  TFhy  do  we  not  see,  ivheji  loe  are  asleep 
with  our  eyes  open  ? 

A.  Because  the  "  retina  of  the  eye" 
is  inactive  and  at  rest.    {See  p.  400.) 

Q.     Why  do  we  not  heab  in  sleep  ? 

A.  Because  the  nerve  of  hearing 
(seated  within  the  tympanum  of  the  ear) 
is  at  rest. 


DREAMING. 
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Q.  Wliy  do  we  not  taste,  when  toe  are 
asleep  ? 

A.  Because  the  nerves  at  the  end  oj 
the  tongue  (called  papillae)  are  inactive 
and  at  rest. 

Q.     Wlt  J/  do  we  not  teel  tolien  loe  are  asleep  ? 

A.  Because  the  ends  of  the  nerves 
(called  papillse)  situated  in  the  skin,  are 
inactive  and  at  rest, 

Some  of  the  phenomena  of  dreaming  seem  to  show  that  the  func- 
tions of  the  organs  of  sense  are  performed.  It  is  the  power  of 
perception  rather  that  is  dormant. 

Q.  Wliy  have  persons  in  sleep  no  wiLii  of 
their  oicn,  hid  may  he  moved  at  the  will  of  any  one  ? 

A.  Because  the  entire  nervous  system, 
upon  some  of  whose  functions  the  exer- 
cise of  will  depends,  is  inactive:  and 
at  rest. 

Q.     Why  has  a  deeamee  no  power  qfjTJ'DG- 

ME>'T  or  EEASON  ? 

A.  Because  the  parts  of  the  brain 
concerned  in  the  performance  of  these 
functions  are  inactive  and  at  rest. 

Q.     Why  does  a  person  teel  tvhen  he  is 

TOUCnED  ? 

A.  Because  the  ends  of  certain  nerves 
which  terniinate  in  the  skin,  are  excited  ; 
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SALIVA. 


and  this  produces  a  nervous  sensation, 

called  FEELING. 
The  termination  of  the  nerves  mentioned  are  called  "  Papillae." 

Q.     Why  are  persons  able  to  taste  diffebent 

PLAVOUES  ? 

A.  Because  the  "papilla"  of  the 
tongue  and  palate  are  excited  when  food 
touches  them;  and  this  produces  a 
nervous  sensation,  called  taste. 

Q.     What  is  the  use  of  saliva  ? 

A.  1st — It  mixes  meclianicallij  with 
our  food,  reducing  it  to  a  soft  pulpy- 
state  :  and 

Sndly — It  has  certain  chemical  pro- 
perties, which  greatly  assist  digestion. 

Q.  Why  does  the  savour  of  delicious  food 
make  the  mouth  of  a  hungry  man  watee? 

A.  Because  the  salivary  glands  ai'e 
excited  by  the  savour  of  the  food. 

This  is  a  wise  pro^asion  of  God,  who  thus  excites  the  flow  of 
Balira  by  the  odom-  of  the  food,  before  it  is  needful  to  masticate  and 
Bwallow  it. 

Q.     Why  is  SAEiTA  frothy? 

A.  Because  it  contains  air,  in  ordrr 
that  it  may  introduce  oxygen  into  the 
stomach. 


APPEXDIX  OF  MISCELLANEOUS  QUESTIONS 
Fo7-  the  ingeniom  reader  to  solve. 


The  Sgpires  refer  to  the  page,  where  Eome  cognate  queetion  may  be  fonnd. 


1.  Whv  does  abundance  of  dew  in  tlie  morning  indicate  that  the 
day  will  be  fine  ?  p.  211. 

2.  Why  does  an  oar  in  water  appear  5en<  ?  404. 

3.  If  a  piece  of  hrowii  paper  be  submitted  to  the  action  of  a 
burning-glass,  it  will  catch  fire  much  sooner  than  a  piece  of  white 
paper  would  :  'VVhy  so?  p.  195. 

4.  AVhy  does  a  blue  dress  appear  green  by  candle-light  1  p.  47. 

5.  Why  does  the  sun  look  red  in  2.  fog  ?  p.  145. 

6.  An  ink-spot  on  linen  is  first  black,  why  does  it  afterwards  turn 
yelloiv  ?  p.  419. 

7.  Why  is  it  dangerous  to  row  a  boat  under  a  bridge  ? 

8.  Why  does  a  candle  flicker,  especially  just  previous  to  its  being 
burnt  met  ?  p.  80. 

9.  If  the  "copper"  (or  boiler)  attached  to  a  kitchen  range  be 
filled  with  cold  water  after  the  fire  has  been  Ughted  some  time,  it 
will  very  often  burst :  Why  ?  pp.  126,  127. 

10.  Wty  do  all  things  appear         in  the  r?rt;7i  ?  j?.  418. 

11.  Why  are  the  flagstones  of  our  sti'eets  freq[uently  loosened 
liter  a. frost?  p.  367. 

12.  Why  is  a  room  warmer  when  the  window  curtains  are  drawn? 
pp.  182,  183. 

13.  Why  are  rooms  much  warmer  for  being  furnished  with  double 
doors  and  windows  Uke  Kensington  Palace  ?  pp.  132,  183. 

14.  Why  is  loose  clothing  warmer  than  that  which  fits  close? 
p.  183. 

15.  Why  does  wetting  a  cornelian  make  it  more  transparent  I 
p.  421. 

16.  Why  does  paijiting  iron  prevent  it  from  rusting  ?  p.  259. 

17.  Wliy  is  a  dull  fire  revived  by  sweeping  clean  the  hobs,  bars, 
ash-gratc,  &c.,  of  the  stove?  pp.  52,  53. 

18.  Why  does  «<j>r('«i7  a  dull ^re  serve  to  quicken  it?  ^^.52,  53. 

19.  AATiy  does  sonpy  water  "  lather  ? "  p.Zda, 

20.  Why  is  well-made  bread  full  of  holes  or  eyes  ?  p.  288. 

21.  Why  do  the  sails  of  a  wind-mill  turn  round?  p.  113. 

22.  If  you  strike  a  finger-glass,  why  is  the  sound  silenced  by 
/0!«;/t/ni7  the  glass  with  your  finger  ?  426, 

23.  Why  does  a  wet  sponge  ( lean  a  slate p.  3G2. 
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24.  Why  do  Etars  twinkle  more  than  usual  just  previous  to  rain,  t 
jp.  421 

25.  Why  does  wiJA;  6oi7  ocer  more  readily  than  water!  365. 

26.  If  a  picture  bo  glazed,  you  cannot  see  it  in.  certain  positions : 
"Why  not  ?  p.  396. 

27.  Dust  very  rarely  flies  by  night :  Why  so  ?  p.  227. 

28.  Why  docs  the  cork  Qi  a  soda-water  bottle  make  a  loud  report, 
•when  drawn  5  p.  108. 

29.  Why  does  the  cork  of  u  soda-water  bottle off,  as  soon  as  it 
has  been  released  from  the  bond  which  held  it  in  ?  p.  277. 

'30  "Why  do  our  hands  and  Hps  chap  in  frosty  and  windy  weather? 
p.  333. 

31.  When  a  b^ack  subsoil  is  dug  or  ploughed  up,  it  turns  of  a 
reddish  brown  after  a  short  time  :  >Vhy  is  this  1  p.  2G0. 

32.  AVhy  are  decaying  vegetables  always  wet  ?  p.  284. 

33.  If  a  house  be  faced  with  stucco  to  resemble  stone,  why  does 
the  facmg  very  often  flake  off  in  winter,  and  leave  the  house  un- 
sightly? iJ.  375. 

34.  \Yhy  do  the  lustres  of  a  chandelier  seem  tinted  with  such 
various  and  beautiful  colours  ?  p.  411. 

35.  Horn  is  transparent,  why  are  not  horn  shavings  transparent 
also?  2>-  416. 

3G.  When  a  glazier  is  mending  a  window,  and  cleans  the  pane 
with  his  brush,  why  do  the  loose  pieces  of  putty  (on  the  opposite 
side  of  the  window-pane)  dance  up  and  down  1  p.  293. 

37.  \Mien  you  rub  a  piece  of  paper  with  Indian  rubber,  why  is  it 
tticliij?  p.  2d. 

38.  If  you  diy  a  piece  of  common  hrmon  paper  by  the  fire,  and 
il-aw  it  once  or  twice  between  your  two  knees,  why  will  it  stick  fast 
10  the  wall  ?  ^j.  29 

39.  "Why  can  persons  be  heard  (in  a  cahu  day)  at  a  greater  distance 
on  the  «cn,  than  on  land  ?  ^.430. 

40.  The  height  of  mountaiiis  may  be  ascertained  by  a  barometer: 
E.Kplain  the  reason  of  this  1  p.  335. 

41.  How  does  starch  assist  in  giving  a  smooth  glazed  surface  to 
linen?  iJ.421. 

42  If  a  drop  of  vmter  be  spilt  on  a  table  cloth,  why  will  it  spread 
in  all  directions  J  p.  76. 

43.  yfhy  does  salt  preserve  meat?  p.  438o 

44.  Why  does  melted  ivax  become  hard  when  cold  ?  p.  169. 

45.  Why  does  paint  often  blister  from  heat  ?  p.  375. 

46.  Why  are  rotting  leaves  hot  ?  pp.  58,  283. 

47.  Why  are  rotting  leaves  damp  ?  p.  283. 

48.  Why  does  bread  become  liard,  after  it  has  been  kept  a  few 
(lays  ?  p.  icy. 
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49.  "WTly  are i)/«n<s  joMifl  which  are  kepHn  the  dark?  p.  420. 

50.  Why  does  oil  become  thick  in  winter-time  ? 

51.  Why  docs  apop-r/un  make  a  loud  report  when  the  paper  buUut 
is  discharged  from  it  2  p.  107. 

52.  Why  does  steam  make  the  engine  of  a  locomotive  whistle  .* 
p  116. 

53.  Why  will  bright  iron  lose  its  polish,  by  being  put  into  a,  fire  t 
p.  258. 

54.  Why  does  so«m(i  seem  ?0K(Zcr  in  caces  than  on  a  plain  ?  p.i.Z\. 

55.  AMiy  does  pa  int  preserve  wood  ? 

56.  Why  does  mother  of  pearl  show  so  many  colours  I 

57.  Why  can  you  fill  a  tiry  glass  beyond  the  level  of  the  brim? 
pp.  436,  437. 

5S.  If  you  leave  a  little  tea  in  your  cup,  and  put  your  spoon  in, 
why  does  the  tea  rush  to  the  spoon  ?  p.  430. 

59.  When  liquor  is  poiu'ed  from  a  bottle,  why  does  it  gurgle  ? 
p.  287. 

60.  Why  will  Incifer  matches  ignite  by  merely  drawing  them 
across  any  rough  surface  ?  pp,  104,  298. 

61.  Vfhy  will  they  7iot  ignite,  if  they  are  damp  ? 

62.  WTien  our  likeness  is  reflected  in  a  looking-glass,  the  entire 
image  is  reversed,  our  right  cheek  is  the  left  cheek  of  the  reflection ; 
if  we  Uft  our  right  arm,  the  reflection  moves  the  left  arm,  and  vice 
versa  :  Why  is  this  2  p.  3S8. 

63.  A  silver  tea-spoon  becomes  more  heated  by  hot  tea  than  one 
of  fn/erioj- metal  (as  German  silver,  Nickell,  &c.) :  Why?  p.  172. 

64 .  If  you  scrape  a  slip  of  paper  with  a  knife,  why  will  the  paper  curl  ? 

65.  Whydocsthcs<02)pZeof adecanteri<ic/o/as<,  if itbepiitindamp? 

66.  Why  does  the  stopple  of  a  smelling  bottle  often  stick  fast  ? 

67.  Decaj-ing  vegetables  are  first  of  a  biowrdsh  tint,  why  do  they 
afterwards  turn  of  a  deep  black  ?  ■ 

08.  Why  is  an  oak  struck  by  lightning  more  frequently  than  any 
other  tree  ? 

69.  "Why  does  a  lobster,  which  is  black  while  alive,  turn  red  by 
being  boiled  ? 

70.  ^Vhy  does  a  shrimp,  which  is  nearly  white  while  alive,  turn 
ted  by  being  boiled  '/ 

II.  Why  is  the  shaduxo  of  the  moon  stronger  than  the  shadow  of 
the  sun '{ 

72.  Why  docs  hartshorn  take  out  the  red  spot  in  cloth,  produced 
by  stilphuric  or  any  other  acid  ? 

73.  Why  will  powdered  sulphur  quench  fire  more  rapidly  than 
■water  1 

74.  How  docs  starch  serve  to  stiffen  linen  ? 

Q  a 
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75.  "Why  should  lightning  conductors  be  pointed  ? 

76.  "Why  do  bricks  turn  green,  after  they  have  been  exposed  to 
the  -weather  1 

77  When  potatoes  are  boiled,  why  are  those  at  the  top  of  the 
boiler  cooked  sootier  than  those  nearer  to  the  fire  ? 

78.  If  a  silver  spoon,  -(vhich  has  been  tarnished  by  an  egg,  be 
rubbed  with  a  little  salt,  why  will  the  tarnish  disappear  J 

79.  Why  are  books  discoloured  by  age  or  damp  ? 

80.  "Why  does  smcr  milk  curdle  ? 

81.  Why  does  cMirning  milk  convert  it  into  butter  f 

82.  Why  does  the  sim  or  fire  warp  wood  7 

83   "Why  does  the  sun  fade  artificial  colours  ? 

84.  "When  a  knife  is  sharpened  on  a  grindstone,  why  is  oil  or 
water  used? 

85.  "Why  does  bread  become  mouldy,  after  it  has  been  kept  a  few 
days? 

86.  Why  does  meat  putrefy  sooner  in  hot,  damp  weather,  than  in 
cold? 

87.  Birds,  after  they  are  killed,  keep  longer  in  fhcir  feathers  than 
■when  they  are  plucked :  Why  is  this  1 

88.  "Why  do  plants,  which  are  kept  in  a  window,  bend  to  iihegla^s? 

89.  Why  does  Indian  rubber  erase  pencil  marks  from  paper  1 

90.  Why  does  water  rot  wood  ? 

91.  "Why  does  water  make  a  hissing  noise  when  it  is  poured  on 
■fire  ? 

92.  "Why  will  hot  u'on  bend  more  easily  than  cold  ? 

93.  Why  does  iron  turn  first  red  and  then  white  from  heat  ? 

94.  Why  does  hot  water /rcese  more  quickly  than  cold  i 

95.  "Why  does  water  f  reeze  more  quickly  than  milk  ? 

96.  Why  are  glue,  gum,  starch,  and  paste  adhesive  t 

97.  'Why  does  a  railway  fj-am  make  more  noise,  when  it  passes 
over  a  bridge  or  meadorv,  than  when  it  rims  over  solid  ground  i 

98.  "Why  does  tnilk  boil  more  quickly  than  water  ? 

99.  Why  will  milk  burn  more  readily  than  water  ? 

100.  "Why  is  it  impossible  to  write  on  grcnsy  paper  ? 

101.  "Why  does  rain  "  bring  down  the  cold  ?  " 

102.  "Why  does  turpentine  take  out  grease  spots  from  cloth  1 

103.  Why  docs  oxalic  acid  take  out  ink  spots  ? 

104.  Why  does  waxing  cotton  or  thread  malic  it  stronger  t 

105.  "Why  is  a  stick  made  flexible  by  boiling  it? 

106.  "Why  does  manure  make  land /critic  i 
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Acetic  acid   488 
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Aerated  water  277 
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Am    244 

affected  by  rotation 

of  earth    307 

always  in  motion . .  30.3 
ascends  when  hot  301 
bad  conductor  184,  243 
„  radiator  ....  2  Hi 
cause  of  its  weight  336 
city  unhealthy  248,  272 

cold  184,  ;.30 

colder  t  ian  blood . .  188 
composed  of  2  gases  244f 
condensed  by  cold  301 
cooled  by  convection226 
cooled  by  rain  ....  168 
cools  hot  iron  ....  253 
country  healthy  248,  271 
density  dim.  by  rain  354 
descends  when  cold  301 

dries  linen    106 

dry,  dense    153 

dryer  before  noon    1 56 
summer  156 
elements  of  ..... .  244? 

expanded  by  heat  107 
full  of  smells  ....  157 

gets  fire  up   51 

healthful   27! 

healed   220,  303 

Q  u  2 
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AiB  (cnn(inved)  page 
heated  not  by  the  suii302 
hot  in  siinsbme  . .  253 

in  a  room   303 

inflnmmable    ....  291 
(see  hydrogen) 

invisible    255 

land,  coldest  ....  231 
„    at  uigbt  ....  233 
needful  for  lire   . .  62 
non-couductor  ....  13 
preserved  normal  250 
purified  by  lightning  28 
radiates  no  heat  . .  225 
rarefied  ascends  ..  SOI 
„      bad  conduc- 
tor of  sound  432 
„      by  a  crowd  267 
„      brings  rain  355 
,,     noiseless  . .  153 

nists  iron   258 

still  before  a  tempestl53 
8  currents  in  rooms  303 
uniform  at  night..  431 
use  of  oxygen  in, .  245 

varies    337 

„  in  temperature  352 
vitiated  by  a  crowd  208 
weight  of,  cause  . .  330 
Air-pump  freezes  water  376 
Aisles  famousforechoes433 
colder  than  galleries  333 
Alcohol,  elements  of. .  279 
from  sugar  ....  280 
boiling  point  of  122 


Ale   112 

bottled   278 

flat   .  286 

froth  of    278 


„  increased  by  heat  112 
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Ale  stale   2s6 

Alkali   46 

Ammonia    2B4 

Anemometer   331 


Anglers  haty  a  magpie  100 

Angle  of  incidence  .  3S7 

reflection  ....  387 
Anhydrous  sugar    ....  28i) 
Animal  fluids  conductors  14 
Animal  heat    ...  .85,  289 
from  combustion  87 


life  dependent. .. .  251 

Animals  forebode  rain  154 

Ants  love  honey  dew  . .  228 
Appetite  (see  hunger) 

Apples  full  of  air  . ,  ..  109 

roasted   108 

soft   109 

Apbil  showers    32.5 

winds    317 

Aqua  fortis   488 

Argand  lamps    84 

Armour  safe  in  a  storm  21 

Aruott's  stoves  smoke  69 

smell  of  sulphur  57 

Ascentiu  balloons  pains  152 

Ashes  soften  water  ....  302 


Asses  bray  in  wet  weather  154 
Atmosphere  (see  air)  ..  318 
August  winds   317,  318 

AunOEA  BOREALIS  ....  HS 


cause  of    149 

coloured   148 

sounds  of   149 

white    14  8 

Autumn  tints   420 

Avenues   398 

Averno,  lake  of   270 


Azote  (sec  iiilrugen) 
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Bales  spontaneously  ignite  58 
Balloons  cause  pain. .  152 

inflated    112 

rise    112 

Balls  of  fire   C 

Balusters  wet   223 

Banisters  {see  balusters) 

Barley  malted   281 

Barometer   334 

afiected  by  cold  . .  3-ib 
frost....  337 
heat  ....  345 
sudden  changes  347 
ihunder  341 

thaw   331 

wind   339 

differs  from  ther- 
mometer ....  334 
inventor  of  ....  34 (j 

fall  of   348 

fluctuating  ....  347 
high  in  April  ..  346 
August..  346 
dry  air..  339 
fine  wthr.  341 
June....  346 

May   346 

N.  E.  wind  337 
Sei)tember346 
snow  . .  342 
low  in  January  346 
December  346 
February  346 
July  ...  346 
moist  air  340 
November  346 
October  346 
lain  ....  340 


Barojieter  {contimied)  p^gb 
low  in  S.  wind. .  338 

thaw   338 

torrid  zone  346 
W.  wind  ..  338 
warm  air  . .  340 

rise  of   348 

rises  in  fine  wthr.  342 
rules  for  ....  . .  348 

signs  of  falling  343 
rising  343 
sinks  in  foul  wthr.342 
sudden  change  of  347 

unsettled   348 

use  of   335 

a  weather  glass  336 
to  msur.  heights  335 

to  sailors   337 

varies  most  ....  345 

least   345 

when  highest  . .  346 
lowest  ....  346 
Barren  laud  dewless  ..  216 
Bass  notes  in  music  418,429 

cause  of    418 

vibrations  to   . .  429 
resemble  scarlet  419 
Bass  preserves  flowers  213 
Bathing,  danger  of  ,.  405 
prom,  health  69 
with  ether  for 
infiammaliou  163 
Beakers  broken  by  heat  128 
Bears   cold  in  winter  97 
live  without  food  tJ8 
arctic,  most  hair  183 
Beasts  covered  with  hair  182 
Beating  iron  makes  it  hot  99 

Beds  damp   104 

u  3 
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Beer,  bottled  frothy  . .  278 
fermeutation  of  279 

flat    28G 

frothed  by  heat  112 

stale    286 

sour   280 

soured  by  liglitning27 
„    not  old  beer  27 
spoiled,  if  the  vent- 
peg  be  left  out  286 
yeast  ferments..  282 
Beer-vats  dangerous  ..  274 
Bells  heard  at  a  distniice4.S0 
not  in  a  fog  429 
cracked  sound  harsh  427 
ringing  dangerous  17 
silenced  by  a  touch  427 

metal  of    427 

Bellows    52 

(See  Clark's  Blower.) 
Bible  explained  181,  218,  350 
Bi  carbonate  of  lime  ..  291 
Bins  purified  by  lime  .  291 

Birds  feathered   183 

hot  blooded   97 

small,  most  down  183 

Black   419 

cloth  warm   194 

colour  warm    ....  195 

cause  of   •.  . .  419 

eyes   190 

glass  for  spectacles  425 
hat  red  at  sea-side  361 
hole  of  Calcutta  ..  208 

in  sonorous    419 

kid  gloves    ......  Idti 

LEAD    205 

„    prevents  rust  260 
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Black  mist   150 

skin    197 

„  will  not  blister  198 

tea-pot   205 

,,  used  by  cotters  201 
,,  set  on  a  hob  .  205 

warm   ....  1^5 

Blacks   61 

none   to  steamers  61 
Blacksmiths  strike  fire 

by  nails    100 

Bladders  inflated..  107,  301 

Blaze,  blue   ^.  47 

between  the  bars  46 
burns  up  coals. .  40 

yellow   47 

Blood   247,  26fj 

purple   248 

red  247,  249 

starts  from  wounds  86 

Blowers    70 

Blowing  cools  food  186,  32J 

tinder   101 

Blue    442 

cause  of  . .  418,  424 
resembles  treble  418 

sky    146 

spectacles    ....  423 
sublimate    ....  488 
Broadcloth  warmest  ..  183 
Body  dead,  smells. .. .  297 

fuel  of   89 

warm  ..  87,  89,  289 
Boiler  {see  saucepan.) 

Boiling  238 

water  bubbles  ..  117 

furrof  264 

heat  fixed..  241 
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Boiling  (continued)  page 
WATER  makes  it  flat  288 
is  ill  a  ferment  2;39 
kept  hot  ....  209 

rattles   119 

runs  over. ...   1  It^ 

swells    117 

one  pot  in  another  120 
retarded  by  salt  ..  121 
spoon  120 
sugar  121 
without  touching 

the  boiler   121 

point    122 

Bones  white    420 

Boots  hot  when  dusty  201 
Borers  ho-  from  use  ..  105 

Bottled  ale.  &c   271 

Brackish  water  unlit  for 
railway  engines  ....  265 

Bracing  weather    153 

Bradawls  hot  from  use  101 
Bread  brnt.  purifies  water  73 

heavy   289 

made  with  yeast  288 

Breakers   329 

Bbeath  exhaled   249 

inhaled    24'7 

visible  in  winter  224 
Breathing  described  . .  250 
difficult  on  mounts.  256 
previous  to  a  storm  256 
Bkeeze  at  sea-side. .. .  327 

evening    326 

„    unhealthy  327 

land  cool   328 

morning   326 

„    healthy  ..  327 
of  islands   326 
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Bbeeze  sea  cool    ....  327 

speed  ol   331 

(.see  wind) 

Brewing   282 

Bricks  for  cold  feet   179 

Brick  stoves    181 

Bricklayers,  frost  retards  375 
cover  witli  straw  375 
Bright  day  exhilarating  151 
metal  had  radiator  209 

Brilliancy   381 

BniNE  retards  boiling. .  121 

tested   377 

BniTAiN  cloudy   132 

grows  warmer  166 
Broth  cooled  by  breath  254 
„    convection  254 
„    stirring  . .  254; 

Bubbles  in  tea  436 

of  boiling  water  117 

Burns  cured    103 

Burnt  bread  purifies  water  73 
stick  twisted    ....  422 
Burning  glasses   2,  3 

Calcining   293 

Calcutta,  black  hole  of  268 

Calcareous   251 

Calico  oiled  transparent  410 

Calms   314 

Caloric   I 

Cambric  hndkrchfs.  cool  191 
Cambridge,  raiu  of . .  . .  358 

Candles  .  r   75 

burn   75 

composite  not  snuffed  83 

corpse   298 

cottoa  hard  to  blow  out  80 
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Candles  (continued)  page 

burn  blue   15 

easily  blown  out  52,  79 
„    rekindled  . .  53 
extinguislied   ....  81 
„         by  breath  79 
paper  81 
FLAME  described. .  77 

„    hot   76 

„  hollow  ....  77 
„  luminous  . .  78 
„  makes  gls.  wet  79 
„  pointed  ....  79 
„  produces  light  77 
„  purple  below  79 
„  tends  upwards  79 
„  yellow  ....  47 
„  GAS  of  ..  87, 294 
held  at  a  door  ....  30-t 
hottest  above  the  flm.  80 

give  light   77 

make  glass  damp. .  79 
need  suufling  ....  83 
Palmer's  not  snulfed  82 
prevent  seeing  a  rd.  39(J 
reflected  in  a  \vindow396 
rekindled  quickly. .  53 
rush,  easily  go  out  80 
shadow  cast  by. .. .  397 

smoke  of   83 

spirt   161 

sudden  light  painful  382 
used  by  miners   . .  267 
wax,  not  snuflfed  . .  83 
Cannon  balls  hot  ....  106 

boring   104 

Canvass  flower  awuing  213 

Capillary   76 

attraction   76 


Capillary  (continued)  pagb 
attraction  of  earth  ..  437 
„  sponge  76 

„  thread  191 

„  wicks  191 

combustion   86 

vessels  . .   85 

„    pervade  body. .  86 

Captain  Ross  430 

Capuchin    357 

Carbon    35,  36,  75 

in  the  blood. ...  26  i 
Carbonate  of  ammonia  480 
lime   ..  480 
Carbonic  ACID  gas  ..  206 
absorbed  by  leaves  251 

chokes   293 

cause  of  heat....  290 

deleterious   266 

detected   267 

dissipated  by  red  ht.  276 
„  water  275 

in  human  bodies..  87 

of  the  soil    251 

water   291 

sources  of    275 

Carbetd.  hydro,  gas  293 
how  procured  293 
Carpenters'  tools  hot  . .  104 

Carpets  warm   176 

Carriage,  in  a  storm  20 
wheels  catch  fire  103 
windows  misty . .  220 

Casks  charred   73 

Cart  grease   103 

Cathedral  aisles  famous 

for  echoes    433 

Cats  in  wet  weather   . .  156 
prowl  by  uijjht    . .  38i 
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Cats  (continved)  page 
see  iu  the  dark. .. .  384 
wiuk  before  a  fire  384 
Cattle  low  iu  wet  wea- 
ther   154 

struck  by  lightniug  19 

Caustic  lime   439 

lunar  488 

Cavernsfamedforeclioes  4-t3 

Ceilings  sooty   71 

Cellars  cold  iu  suinmer  258 
■warm  in  winter  257 

Chalk    488 

Champagne  acid   278 

Charcoal    72 

bad  conductor  172 
FIRE  very  hot  72 
„  deleterious  274 
purifies  water  73 
removes  taint  72 

Charring  bread   73 

casks   ....  73 
wood    ....  74 
Chemical  ACTION  ... .  32 
developes heat. .  2 
Cheskuts  roasted  crack  107 

not  if  slit  108  ! 
Children  hot-blooded  . .  97 
Chimney  draught,  cause 

of   64 

factory, long. .. .  04 
flues  of  long. .  03,  04 
„  short  64 

raised  above  a 

house   63,64 

POTS   70 

SMOKY   62 

in  close  rooms  ..  62 
remedy   «^ 


Chimney  (contiviied)  page 
draught  slack  64,73 
door  misplaced  68 
remedy    ..  08 
flue  too]ong61,113 
„  short  ....  64 
„  remedy  ..  05 
need  repairing  68 
,,  sweeping  68 
of  old  homstds.  69 
two  fires  ....  65 
remedy....  66 

valleys   67 

vestries   66 

remedy. ...  67 
wind  ....  70,  114 
China  broken  by  water  128 

Chloride  of  lime   429 

Chloroi^byll   420 

Choke  damp    273 

Chdrch  bells  heard  l,'i3,429 
congregation  drowsy  270 

yards  smell    297 

Chyle   247 

Chyme   247 

Cider  acid    278 

Cinders,  iron    44 

lighter  than  coals  44 
soon  heated. ...  44 
will  not  blaze  . .  49 
CiRRO-CDMULus  clouds  140 
forebode  drought  140 
how  produced  . .  140 
CiRRo  stratus  clouds  141 
forebode  change  140 
how  produced. .  14t) 

Cirrus  clouds    137 

foretell  fine  weather  138 
i»ow  iiioduced   139 
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Citizens  pnle   248 

Citric  acid    488 

City  air  unhealihy  ....  272 
Clark's  patent  blower. .  52 
Clay  for  furnace  doors  181 

Clean  kettles   193 

Cleanliness  connected 
with  the  dietary  ....  96 

„   poverty   96 

Cleah  day  overcast  ..  321 
fire  burns  slowly . .  4.0 
nights  exhilarating  151 

Climate  varies   304 

from  forests. . ..  167 

„  laud   305 

„  mountains  305 

„  sea    300 

„  soil   305 

„  trees   167 

Clocks  heard  distant  . .  430 
not  in  a  mist  431 
Close  rooms  unhealthy  2G8 
Cloth  collects  no  dew. .  215 
Clothes  black,  warm  194 
coarse  not  ditto  ..  190 
damp  iu  summer  217 
fine  cloth  warm  ..  190 
loose,  warmest. .. .  183 

silk   191 

warm    182 

■want  of,  causes  dirt  97 
wet  dangerous  164 

Thite,  cold    lOi 

„  from  sea  spray  170 
„  not  on  wet  days  170 

workmen's    170 

Cloudiestcountries. . ..  132 
Clouds    130 


Clouds  (continued)  tagh 
absorbed  by  wind  134 

affect  the  wind   310 

cause  of   131 

cirro  cumulus  ....  140 

cirro  stratus   141 

cirrus    137 

classes  of   137 

colour  of  .. ..  134,  135 

compound    140 

cumulo  stratus  . .  141 

cumulus    138 

differ  from  fog,  130,234 

dissipated  134,  143 

distr.nce  from  earth  132 
edgesmostluminous417 

electrical   133 

electricity  moves. .  137 
fall  in  rainy  weather  354 

fantastic   133 

float   130 

gather  round  hills  142 

height  of   5,  132 

highest    132 

highest  iu  a  fine  day  132 
increased  by  wind  134 
intermediate   ....  139 

light   123 

lowest   132 

morning  red    ....  135 

motion  of   130 

nimbus   141 

foretell  weather  138,  141 
rain  indicated  by  .  141 
polar  currents  affect  313 

red    135 

round  mountain  topsl42 

simple   137 

size  of   132 
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Clouds  (continued)  page 

stratus   138 

suQ-set   113 

thickness  of   133 

,,  how  ascert.'iaed  133 

thunder    4 

vary  iu  shape    133,  313 
,,    in  colour  136,  3 1 3 
where  most  abndnt.  132 
„    least       „  133 

use  of   1A2 

velocity  of    331 

white    419 

wind  aJfects  ..  131,  134 

yellow  143,  144 

,,     inJinate  wet  144 
Cloudy  night  warm. ..  •  211 
no  dew  . .  211 
oppressive  loO 

Coat,  black   419 

blazing   40 

for  fuel   44 

GAS    75,  294 

grotesque  figures  of  42 
mines  explode. .  . .  204 

smoke   'il 

wetted  when  dusty  55 

Coke    57 

for  fuel   44 

spontaneously  ignites58 
Col  11  affects  barometer  336 
condenses  air  . .  . .  301 

colours.   195 

makes  us  love  fat  92 
„       activity  ..  94 

mountains    202 

out  of  doors   330 

promotes  hunger. .  93 
„    sound   430 
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Cold  water  contains  heat  33 
Colder  some  things  than 

others    171 

Colds  from  wet  clothes  164 

Collapsing   109, 

COLOUBS  410 

accidental  . .  424 
akin  to  souud  418 

black   419 

blue   418 

dark,  warm  . .   1 9S 

greeu    420 

light,  cold  ..  195 
of  clouds  134,  195 
electricity. ...  30 

red    418 

vary   417 

white    419 

yellow  419 

Combining  not  mixing  2(i 
Combustion  {see  fire)  35 

animal   87 

cause  of    38 

chemistry  of  .  .35,  39 
from  fermcnlaiion  5S 
elements  of  ... .  38 

bent  of   35 

increased  by  wind  52 
in  the  veins. . . ,  86 
produces  light. .  48 
spontaneous    . .  57 

CoMMUNICATIONof  IIEAT171 

Composite  caudles  not 

snuffed    83 

Compound  clouds  ....  140 

Compression   105 

not  condensation  105 

,  Condensation    105 
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Condenspf^  air   SOI 

Conduction    171 

not  nbsorpliou  192 
CONDTJCTORS,  besi . , . .  172 

worst    172 

animal  fluids  14 
not  absorbers  192 
of  ligbtuing. .  22 
„  daugerons  24' 

Convection   220,238 

Comective  currents  252,  302 
cool  broth  254 
,,   iron  253 
Cooking  vessels  with 

wooden  handles  .   173 

Cooper  applies  hot  hoopsl25 


Copper  for  condctrs.  23, 172 

sonorous   420 

tarnishes   20 1 

-HOLE  draws  . .  61 
roars  ....  62 
„    not  with  open 

door   62 

Cork  driven  out  by  heat  112 

Cornea   400 

Corns  ache  before  raic  257 

Corpse  candles   ii98 

cold   98 

smell    297 

Corrosive  sublimates  . .  488 
Cotton  bales  catch  fire 

spontaneously  58' 

candles    80 

handkerchiefs  hot  191 
oiled  transparent. .  421 

shirts  warm   100 

wool  bad  conductor  191 
Count  fiumlord   191 
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Countries  most  cloudy  132 
least  cloudy  132 
Country  air  healthy  2 16,  270 
Countrymen  enjoy  hlih.271 

ruddy    241 

Cowls    67 

Crowds  bad  in  storms  18 
cause  drowsiness  270 
„     head-ache  267 
vitiate  air    ....  257 
unhealthy    ....  268 
Crucibles  of  platinum  263 
Culinary  vessels  ...  208 
have  wooden  handles  173 
should  be  sooty  ....  208 
Cultivation  promotes  dew  216 


„     warmth  167 

CuMULO-stratus  clouds  141 

forebode  change  141 

Cumulus  clouds. ..... .  138 

forebode  fine  weather  138 

„    rain    138 

how  produced   139 

Cup  in  a  pie    123 

use  of   124 

why  fall  of  juice  l'-i4 

Currents  of  air    302 

Damp  balusters  223 

beds   164 

clothes   218 

house    223 

Dancing  of  objects  after 
rain   156 

Dandelion  bodes  rain  157 

Danger  in  a  storm   ..  12 
from  barring  shutters  18 
bells   17 
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Da^ge-r  (continued)  pagE| 
cuniiiges  ....  20 

crowds   19 

fire-place  ....  19 

from  flocks   19 

herds    19 

rings    22 

rivers  ......  14 

Steeples    ....  14 

theatres    ....  15 

trees   13 

walls    17 

■watches    ....  22 
Dark  colours  warm   ..  195 
radiate  heat  204 
Darkness  from  2  lights  421 

Davy  Sir  H  295 

Daylight  breedshnuger  91 
mitigates  cold  91 

Dazzling  417 

Dead  bodies  cold  ....  98 

smell  297 

taller,  &c.  440 

Deafness   432 

Deal  snaps  in  a  fire    ..  110 
Decanting  liquor ....  287 
spirits  287 

December  winds   317 

Decomposition   284 

Deep waterfreezes  slowly  072 
Depression  of  spirits  . .  100 
Descent  in  a  diving  bell  152 
Deserts  hot  and  dazzling  417 
Detonating  powder ....  106 

Dew   210 

cause  of    233 

deleterious    227 

differs  from  mist . .  228 
rain  . .  233 


Dew  (coniinued)  page 
distilled  after — 

fine  nights  .  211 

heat   225 

west  winds .  225 

on  clothes   ....  218 
cultivated  laud  217 

grass    216 

hairs    224 

hat    224- 

hollows    ....  214 

leaves    215 

open  fields  ..  212 

valleys   214 


not  in  cloudy  nights  211 


)J 

east  winds 

224. 

JI 

winds  .... 

214 

)) 

on  barren  lands 

217 

» 

cloth  .... 

215 

» 

deserts  . . 

216 

gravel. . . . 

216 

» 

metal  .... 

216 

» 

rocks  .... 

215 

stones. . . . 

215 

>> 

wool  .... 

216 

under  awnings, . 

213 

>> 

hedges  .. 

212 

»> 

trees  .... 

212 

>) 

walls  .... 

212 

Dew-dbop  round   ....  229 


flattened  2-49 

roll  on  cabbages  230 

roses    230 

Digestion   94 

Diminishing  glasses  ..  399 
Dinner  covers  bright  ..  209 

Dirt  warm    96 

Distant  bells  heard  . .  428 

clocKs   430 

B  a 
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Distant  (cnnl'nmed)  tage 
objects  sranll  3fl9,400 
„    invisible..  401 

sight    407,  409 

„  spectacles  foi-  408 
Distance  lessens  ....  300 
makes  invisible  403 

Distilled  vinegar   488 

Divers  suffer  pain  ....  152 
Diving  bells  cause  pain  152 
Dormice  cold  in  winter  97 
live  without  food  98 

Doons,  draught  of   332 

shrink  from  dry  157 
swell  from  wet. .  1-57 
Dogs  in  wet  weather  ..  156 
Dough  fermented  ....  988 
set  by  a  fire  to  rise  288 
Double  concave  glasses  407 
convex  glasses  40S 

Down  warm    183 

bad  conductor  . .  191 
Drained  lands  warm  ,.  167 
Draught  at  a  door. .. .  332 
blows  a  flame 
outwards  . .  303 
inwards    . .  304 
of  a  chimney  60,  6i 
key-hole  ..331 
window....  332 

slack  60,  Oi 

Dreams    441 

Drinking  water    291 

Dropsofdewrollonleaves  230 

round    220 

shape  varies . .  229 
of  rain  roll  on  dust  230 
round  ....  253 
size  varies  .  354 


PAOB 

Drowned  men  rpstored  .  103 
Drowsiness  at  church  . .  270 

Drums   428 

Dry  wood  for  kindling  45 
„  burns  best . ,  111 
,,       snaps  about .  Ill 

Driest  months   346 

Dublin,  rain  of    358 

Duck  dry  in  water  ....  230 
noisy  before  rain. .  155 
Dull  surfaces  radiate  heat  204 

Dullness   381,  417 

Dunghills  hot   290 

Dusty  shoes  hot   201 

coals  wetted..  . .  55 

Ear  trumpets    432 

Earth,  bad  conductor  .  18S 
cool  after  sun  set  .  210 
„  in  a  fine  night  210 
,,  in  summer  . .  188 
covered  with  dew . .  210 
cracks  by  frost  ..  374 
crumbles  in  spring  374 
hardened  by  sun . .  160 
warm  in  winter  . .  188 
warmer  by  day ... .  210 

fog    228 

Earthen  tea-pots   205 

set  on  a  hob  to  draw  205 

East  wind  cold   319 

dry    320 

prevents  dew  .  224 
Eat  more  in  cold  weather  93 
less  in  warm  93 
too  much  makes  fat  90 
us  ill  90 
Echoes    433 
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PAOE 

Echoes  two  or  more  ...  435 
remarkable  ...  435 
Effects  of  heat  ...  2,  107 

Effervescence   277 

soou  subsides  288 
Effervescing  draughts. .  277 
Egg,  component  parts  of  285 
discolonrs  silver...  284 

remedy   284 

smells  offensively  .  285 

tests  brine    377 

Egypt  not  cloudy   182 

Eider  down  warm    191 

Electbicity — 

affects  clouds    133 

cause  of  thunder...  3 

colour  of   30 

developes  heat   3 

excited  by  friction  .  29 
felt  at  the  elbows  .  30 

hot    29 

moves  clouds    136 

odour  of    30 

of  clouds  4,  136 

positive  and  negative  16 
resinous  &vilreous  4,  IG 

speed  of   11 

Electric  telegraph  ....  31 
Elements  of  air  ....  35 
alcohol  .  279 
fuel  ....  35 
sugar  ..  279 

Emetic  tartar   488 

England — 

grows  warmer   167 

WINDS  of   317 

„  east  cold  ....  319 
„       „    dry  ....  S20 


England  (continued)  pagb 
morning  at  wa- 
tering places  376 
■WIND  most  prevalent  317 
„    north  cold  ....  320 
„    dry  ....  320 
„    north-east  dry  .  322 
south  rainy   . .  321 
„       „     warm  . .  320 
„    south-westrainy  322 
„    west  riiiny  ....  321 
„    when  highest. .  317 
„       ,.    lowest  . .  318 

,,    raiu  of    358 

[See  March  icincls.) 

Epsom  salts    488 

Esquimaux  love  blubber  94 
Equatorial  current  ....  312 

rains   359 

Ether   48 

boiling  point  of  ....  122 
used  for  freeziug. .  . .  376 
„       mflammation  163 
„       scalds,  hurna  163 

vaporized   163 

European  skin  white  ..  198 

EVAFonATION   162 

freezes..  376 
of  sea  . .  309 

Evening  breeze   326 

clouds  ..  135,  143 
„  grey  ..  146 
„  red  135,  143 
,,    yellow  .  143 

RAINBOW...,  147 

'  Evergreens  frost-bitten  236 
Ewers  broken  by  frost  .  36G 
Expansion  by  heat  ]  07, 124 
Explosion  of  chestnuts  107 
It  a  2 


460 


INDEX. 


PAGE 

Explosion  of  gunpowder  108 
mines  . .  294 

Extinguishers   81 

made  of  paper    8  I 
Eyes  affected  by  glasses  423 
„       iare  liglit  423 
sudden  .  382 

„       sun   423 

contracted  by  light  395 

black    199 

coDform  to  light  . .  383 

cornea  of   400 

negro's  dark   .  199 

retina  of   400 

two,  use  of   385 

see  siugle   380 

EXEECISE  — 

good  for  health   ....  90 

produces  appetite   . .  90 

,,       warmth    . .  90 

want  of  produces  fat .  90 

„         sickness  90 

Face  soon  scorched  ..  203 
Factory  chimneys   ....  64 

Fanning    185 

Fab  sight   408 

cause  of  ....  408 
„       spectacles  for  40S 
Farm  houses  smoke   ..  09 
Fat  from  gross  eating  .  90 
laziness  ....  90 
men  swim  best    . .  372 
pleasant  in  winter  .  92 
not  in  summer. .    95  1 

white    419; 

Feathers  warm   18R 

Feeling    441 


PAGE 

Feet  cold  before  a  fire  54 

wet  dangerous  ..  I(i4 

Fermentation   279 

a  combustion  . .  68 

not  putrefaction  .  283 

of  beer   279 

„  dough   288 

„  sugar   279 

,,  wine    279 

requires  water  ....  285 

Fender  &  fire-irons  cold  193 

Fiddle  strings  musical  .  428 

snap  from  wet  356 

Files  hot  from  use  ....  104 

Fine  weather  braces  ..  153 

indications  of  145 

Fingers  cold  when  wet .  163 

FiEE    35 

air  needful  for. ...  62 

bellows,  use  of . . . .  52 

black  aud  red  ....  40 

blazes    40 

,,       not  in  frost  49 

blowers    70 

bums  blue    47 

bursts  thro' the  bars  46 

cause  of    38 

charcoal    73 

,,       dangerous  273 

clear  40,  50 

damp    293 

differs  from  animal 

heat   88 

dull,  cause  of  ... .  64 

effect  on  eyes   384,  423 

extinguished    ....  55 

„      by  water  55,  1  i  1 

fiercest  iu  winter. .  59 
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Fire  (continued)  page 

fiercest  oat  of  doors  51 

flume  of    46 

gas  generated  by...  87 

grotesque  figures  in  42 

heat  of   289 

„  how  iucreasecl  50,  04 

hot    39 

intensity,  cause  of.  64 
kindled  at  the  bottom  44 

lighted  with  paper  i2 

„         „    wood  42 

light  dazzles    ....  383 

liglit  variable  ....  49 

luminous   47 

melts  metal   129 

mottled    41 

out  of  doors  ....  41 

poker  draws  up  ..  53 

radiates  heat  ....  203 

red  hot   39 

reflected  on  glass. .  39G 

two  or  three  times  396 

spotted    41 

sun  dulls  it   50 

thaw  dulls  it   52 

wind  intcnses  it  . .  52 

yellow    47 

(See  chimiieijn,  combustion.) 

FiRE-irons  cold  ..  179,  193 

hot    193 

rust   259 

„    most  in  winter. .  259 

„    prevented   259 

Fishes  ascend    379 

„     cold  blooded  . .  98 

„     dive    380 

,,     seem  nearer  ..  4  05 

Fixed  air   266 


pagb 

Flame  of  a  candle  ....  '^^ 

described  

blown  out  easily  ''^ 
damp  ........ 

hollow   ' ' 

hot    76 

hottest  above  . . 

luminous   "^^ 

pointed   '^^ 

purple   79 

smokes   83 

yellow   47 

Flannel  warm   181 

on  foot-warmers  179 
Flash  (see  UtjlUniiig.) 

Flat  beer,  &c  286 

irons    162 

sounds   429 

Flavour  discerned  ....  441 
Flaxburnsspontaneously  58 
Flint  and  steel  strike  fire  100 

Flocks  in  storms   19 

Flowing  wateii  pure  .  364 
freezes  slowly  ...  370 
makes  rough  ice  371 

oscillates   305 

Flowers,  awnings  for  .  213 

purify  air   272 

smell  at  night  158 
„  before  rain  158 
forebode  rain .  157 

Flues   G3 

blacked    204 

long  good  for  draught  04 
short,  bad        „  64 
(See  chimney.) 

Flutes    ..  428 

Fly  poison    439 

s  a  3 
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Page 

Fonm,  white    419 

Fogs   232 

arrest  sound    ....  429 

cause  of   131 

differ  from  cloud  130,  234 
mist..  233 
dispersed  by  wind  235 
by  sun..  233 
,  frozen   237 


in  ni.Uunm    234 

increase  distance . .  155 

in  marshes   232 

in  valleys    235 

magnify    155 


none  in  a  frosty  night  234 
1?  COD  converted  to  blood  247 


cooled  by  the  breath  329 
want  of  causes  dirt  96 

hunger   93 

ill  ventilation  97 
laziness   ....  92 
Foot-prints  frozen  ....  367 

Foot  warmers   179 

covered  with  flannel  180 
highly  polished  ....  180 

Forked  lightning   5 

Forks,  tarnish  of   262 

remedy  260 
Forests  catch  fire ... .  104 
cold   167 


Foster  Lieutenant  ....  430 
France  grows  warmer. .  1G8 
Freezing  MIXTURES. .  377 
Friction  (see  rubbing)  102 
excites  electricity . .  29 
sets  forests  on  fire  104 
Fbogs  cold  blooded   . .  98 
croak  before  rain  154 


PAGB 

i'RosT  affects  harometer  330 
,,    sound ....  4"<!t) 

braces    153 

breaks  ewers    366 

„    tiles,  stones,  rocks  367 

,,    pipes   368 

cracks  earth    374 

„       mortar   ....  374 

expands  water   369 

on  windows   221 

prevents  fog   234 

stops  work    375 

warmer  than  thaw  ..  373 
Fkoth  of  beer.,  ..  112,278 
,,    fermentation..  286 

white    419 

Frozen  water  warm    ..  371 
ruts  and  foot-prints  367 
Fruits  cool  the  blood  95 
fall  to  the  earth  . .  436 
pleasantin  summer  95 
Fuel,  dry  burns  well  . .  45 

elements  of   35 

for  the  boHy    89 

wet  burns  bndly  . .  45 

Fulgurites    30 

Fumigation  for  rooms  438 
Fimne]  {see  flites)  ....  63 
FuB,  bad  conductor  ..  172 

for  clothing   182 

warm    182 

Furnaces,  brick  for  ,  181 

fires  fierce    61 

roar   62 

not  with  door  open  68 
lined  with  clay . . . .  181 

Fubr  of  kettles   264 

steam  engines....  265 
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PAGE 

Furrof  kettles  dangerous  2G5 
removed  265 

Gallery  hot   333 

Gakments  warm    ....  195 

cold   195 

Gas  azote   

carbonic  acid  ....  26(J 
carburetted  liyd.  . .  293 

coal   294 

differs  from  liquid  2i5 

elastic   245 

expands  from  heat  113 

hydrogen   36 

infliUTimable    ....  75 

invisible    255 

jet  of    81 

nitrogen    38 

of  candles    294 

fire    39 

oxygen   37 

phospluiretted  hyd.  297 
sulphuretted  hyd.  284 

permanent    114 

Gauze  vf  ire  lamps    ...  295 
prevents  explosion  295 
Geese  noisy  before  rain  155 
German  silver  tarnishes  262 

tinder   105 

Germany  grows  warmer  168 

Germination    324' 

Ghosts   300 

Gideon's  miracle   218 

Gimlets  hot  from  use..  104' 

OixTER  pop    277 

acid   278 

Glasses  broken  by  heat  127 
„  on  a  hob  128 

covered  with  mist  . .  222 


Glasses  (continued) 
covered  with  mist  if 
from  a  cellar   ....  222 
diminishing    ....  399 
dulled  by  a  hot  hand  221 
breath,  &c.  222 

magnifying   399 

mist  of  subsides ... .  222 
{Sec  spectacles.') 

reflect    396 

ground  opaque    ....  421 

musical   428 

Glauber  salts    488 

Gloves,  black  kid  warm  196 
„     Lisle  thread  CQol  196 
Glow  worms  glisten    ..  385 

Gluten    282 

ferments   283 

God's  wisdom  shown  in — 
air  a  bad  radiator..  . .  184 
„  the  circulation  of  317 

animal  life    351 

heasts,  fur  of   183 

hirds,  down  of    ....  183 

dew   217 

earth  cracked  by  frost  374 
„  hardened  by  sun  169 
ice  lighter  than  water  o69 
metals  bad  radiators  217 
November  rains....  325 
the  froth  of  saliva,.  442 

vegetable  life  357 

„    radiation   ..  215 
wood  a  bad  radiator  217 
Gold  best  of  conductors  172 
never  tarnishes   . .  202 
Goodness  {See  God's) 

Grab  Hawoody    268 

Grape  sugar    278 


INDEX. 
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Gjiape  (conlimied)  page 
juice  ueeds  no  yeast  284 
ferments    ....  278 
„    mks.  alcohol  . .  279 
„     „    carbc.  acid  279 
Grapes  never  ferment . .  285 

Graphite   205 

Gjrass  promotes  cold..  1G8 
dew..  21d 

Grate  (see  stoves) 
Gravel  collects  no  dew  216 
hoar  frost  197 

Gravity  436 

Gray  morning  good  sign  145 
evening,  sign  of  wet  146 
Geease  liked  in  cold..  92 
loathed  in  heat  95 
prevents  rnst  . .  159 
nsed  for  wheels  102 

Green  colour   420 

accidental    . .  423 
wood  does  not  burn  111 
„  snap  110 

Gross  eating  unhealthy  90 

Grottoes  echo   433 

Grotto  del  Cane   270 

GKOUNDcovrd.  with  dew  210 

frost   234 

Growth  by  moonlight. .  226 
Guinea  fowls  squall  . .  155 
Gulls  fly  to  land  ....  ICQ 

to  sea   161 

Gunpowder  explodes  ..  108 
Gusty  weather  makes  a 

smoky  house  ....  70 

Hail    352 

cause  of   353 

fulls  in  summer  ....  352 


PAGE 

Hail,  thunder  accompns.  352 
Haiu  bad  conductor  . .  172 
covered  with  dew  224 

warm   182,  183 

Halls  famous  for  echoes  433 
Halo  round  the  moon..  150 
Handles,  wooden  ....  173 

metal    173 

Handkerchiefs    191 

Hard  work  gives  hunger  90 

boiled  eggs   285 

waterbud  forwashg.  360 

cause  of    360 

pleasant  to  drink. .  291 

Hartshorn    2 -'4 

Hat  covered  with  dew  224 
turned  red  by  the  sea  364 
Hawks  see  near  and  far  410 

Hay  heats    59 

heating  prevented  59 
stacks  ignite   ....  59 
Haze  round  the  sun  . .  149 


moon   150 

alTects  sound  ....  430 

Head  aches  in  a  crowd  268 

liEABTn-rug  warm ....  176 

stone  cold    . .  175 

„    hot....  177 

Heat    1 

absorbed   32 

and  light   4S 

affects  barometer. .  339 

„    sound    ....  429 

„    wind    307 

animiil  . .  85,  249,  2S9 

applied  low   239 

arrests  sound  ....  4'  0 

caasc  of   290 
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Heat  (continued)  page 
uciiimunication  of  171 
couduction  of  . . . .  171 

efiFects  of   2,  106 

evolved    32 

,,  by  compression  105 

expands  air   107 

expands  water....  376 
from  beaten  iron. .  98 
,,  exercise  ....  98 
increased  by  heaps  58 

LATENT    33,  39 

of  candles    7G 

dunghills   290 

fire   289 

ice    33 

human  body  87,  289 

lime   291 

radiated    202 

rarefies  air   300 

reflection  of   199 

sensation  of    ....  1 
sources  of, . . .  2  to  106 
work  promotes    . ,  90 
Heating  by  Arnott's  stove  204 
steam  201; 

Heavy  bread    289 

Henap,  fires  spontaneously58 

Herds  in  a  storm   19 

Hedges  increase  warmth  107 
retain  frost  ....  237 
Hills  affect  winds. . . .  308 
larger  in  a  fog   ..  155 
seem  more  distant  155 
Hindostan,  jungles  of  270 

Hoar  mosT   23t 

near  edges    237 

not  found  on  trees  , .  237 
„    under  shrubs,  &c.  237 


Hoar  frost  (continued)  page 
of  frozen  fog  —  .  237 
on  clear  nights  only  235 

glass    ^'36 

,,  tombstones....  197 

very  fiartial   236 

HONEYDEW    227 

ants  fond  of. . ..  228 

effect  of    228 

injures  plants  . .  227 
Hoops  put  on  red  hot. .  125 
Horizontal  sun  &  moon  395 
why  oval  ....  395 
Horses  strike  fire    ..  101 
snuff  up  air. ...  153 
uneasy  in  rain. .  154! 
Hot  night  oppressive. .  150 

water    208 

„    melts  sugar  363 
weather  enervating  90 
„    abates  appetite  95 
„    good  for  fruit  95 
not  for  grease  95 
Hottest  place  at  church  333 
Houses — 

spontaneously   ignite  57 

distant  in  fog   155 

gather  damp   223 

smoke  in  valleys  ....  67 
Hull  of  ships  seen  last  402 

Hunger    90  to  94' 

allayed  by  food   . .  39 
promoted  by  cold  93 
„    daylight    ..  91 
„    rapid  digestion  94 
„    running  ....  91 

„    singing   91 

„    speaking    ..  91 

„    work   91 

{See  ajppeliie.) 


466 


INDEX. 


Hydeogen  gns  . . 

of  fuel 


PAGE 

36 
246 


Ice    366 

contains  lieat   34 

dissolved  by  acids  ..  373 
„       friction  . .  104 

„       salt   373 

sun   129 

grows  thicker   370 

lighter  than  water  ..  366 
made  in  hot  vessels. .  377 

net  work   367 

Ice-bergs  echo   433 

Ignis  tatdus   298 

cause  of  298  j 
Illness  from  over  eating    90  I 
Impure  water  purified...  73 
Incandescent  carbon  ...  78 

Indians  strike  Are    102 

Inflammable  air  75,  294  | 

Iksects  in  wet  weather  159  j 

luminous   299 

Insensible  perspiration .  220 
Intermediate  clouds  ...  193 
IiiON  affected  by  lightning  3 1 

bad  absorber    193 

beds  safein lightning  21 

cinders   44 

cold   175 

contains  latent  heat  99 
cooled  by  air  ....  253 
„  convection  253 
radiation  .  253 
good  conductor  172,  193 
heated  by  blows  . .  99 
house  safe  in  lightg.  15 
matches    100 


Ieon  (conlinued)  page 

rusts   258 

„  not  in  dry  weather  InQ 

„  prevented   260 

„  scales    258 

„  when  common  . ,  25!) 

ponoious   426 

stoves   l-^l 

Ironing  box   161 

Islands  temperate   328 

subject  to  wind  327,  328 
warm    328 

Jack  o'  Lantern    298 

January  winds   317 

Java,  jungles  of   270 

Jet  of  flame  tlirou^h  bars  46 

Judges  VI.  illustrated..  21S 

July  winds    317 

Juice  of  lemons   4S8 

June  wind    317 

Jungles  of  Hindostau..  970 

Kendal,  rain  of    358 

Keswick,  rain  of   358 

Keyhole,  draught  of  .,  331 
Kettle  — 

boils  over   118 

„  quickly  when  sooty  194 
„  slowly  when  clean  .  194 
,,     ,,     wlipn  new. .  194 

back  of  black   207 

bottom  pooty    207 

„   cold  when  boiling  207 

furr  of   264 

holder   173 

lid  should  be  clean  . .  21)6 

„  hot   2ns 

not  full  after  boiliug.  118 
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Kettle  (continued)  page 

runs  over   1  '8 

„  throngli  the  spout  118 

Saturday's  boils  best  207 

sings    116 

steam  of   242 

top  bright    207 

Kid  gloves,  black   196 

Killaruey  echo   436 

Kindling  fires    48 

damp    45 

dry    45 

stoaes  uufitfor  45 

Ladies' fan   185 

Luke  Averno    270 

Lakes  which  never  freeze  372 

Lamps   75 

Argand   84 

safety    295 

smoke   84 

spirt   161 

glasses   85 

{See  candle,) 
Land  air  cold  ...  .i....  231 
affects  climate  ....  305 
cools  before  water  .  231 
Laplanders  clad  in  skin  190 

Larvae   160 

Latent  heat   33,  99 

Laundress  wets  flat-iron  162 
Laziness — 

caused  by  want  of  food  92 

„       heat   90 

Lead,  bad  conductor  . .  172 
dulness  of  ....  261 

pencils   20o 

tarnish   201 

Leanness  from  starving  89 


PAGE 

LEAVEsabsorb  carh.  acid  251 
collect  dew  ....  215 
exhale  oxygen  . .  250 

green    420 

in  a  pond   437 

light  grn.  in  spring  420 
pale  in  dark  places  420 
promote  cold  . .  103 
radiate  heat. . . .  215 
yellow  in  autumn  420 

Lemons,  juice  of   488 

salt  of   488 

Lid  of  kettle  bright  . .  207 

hot   208 

„        rattles  ..  110 

Light  bread   288 

colors  cool    194 

„     bad  radiators  204 

Light  47,  380 

a  compound  . .  4]0,  417 

cause  of    381 

contracts  the  eye. .  395 
divided  by  a  prism  410 

from  a  flint   109 

„     compression  105 
none  in  bent  tubes  403 

of  caudles    77 

fire    47 

bouses,  trees,  &c.  381 

the  sun   381 

2ray.s cause darkiu,  421 

speed  of    'ASl 

sudden,  painful  . .  382 

Lighting  fires   42 

Lightning    3 

affects  iron  and  steel  31 
,,    telegraph  ....  3i 
arm.our  safe  from . , .  „  21 


4C8 
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barks  trees   29 

bed  repels    21 

bells  attract   17 

breaks  off  boiigbs  .  30 

brooches  attract  . .  22 

carpets  repel    ....  21 

cause  of  flash  ....  6 

churches  attract  . .  14 

clouds   5 

coiijes  from  clouds  16 

„       „     earth  .  16 

crowds  attract   18 

danger  from  ..  14  to  23 

coNDUCTons    23 

„  copper  best  for  23 

„  danger  from...  24 

„  how  made   ...  23 

„  not  attractive  .  23 

„  materials  for  .  23 

„  thickness  of...  24 

„  use  of    23  . 

,,  why  notcommon  24  j 

difi'ereut  kinds   3 

discharged  by  spires  5 

„           trees  12 

„  from  clouds   15 

„    „  earth  to  clouds  16 

electrical    3 

flash,  cause  of   6 

,,  precedes  thunder  11 

flies  about    25 

flocks  attract  ....  19 

followed  by  rait  . .  10 

,,          wind..  10 

follows  dry  weather  28  i 

not  wet   29 

forked   5 

fuses  metal  ......  27 


HTNiNG  (continued)  paob 


globular   6 

herds  attract  ....  19 

iron  bedsteads  safe  '4l 

keys  attract   22 

kills  animals    ....  7 

knocks  down  houses  24 

„    churches,  &c.  25 

magnetic   31 

ntiiims   7 

mattresses  repel  . .  21 

metal  conducts  23 

odour  of    30 

passes  down  trees  .  13 

„    through  man  14 

produces  fulgurities  30 

„        nitric  acid  26 

purifies  air   28 

rare  in  winter  ....  28 

resinous    16 

returning  stroke.. .  17 

rings  attract. .....  22 

safety  from   22 

scorches  trees  ....  29 

sheet    6 

source  of   4 

speed  of    12 

straight    6 

sulphurous  smell  of  27 

summer    11 

common  in  .  28 

theatres  attract    . .  19 

trees  attract   12 

conduct  ....  20 

turnsbeer  sour. . . .  27 

„    milk  sour  . .  25 

,,    not  old  beer .  27 

„    not  porter  . .  27 

vitreous    16 
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Lightning  (continued)  page 

walls  aitract   16 

watches  attract  ..  21 
v?ater  attracts  . . .  •  14 

wet  repels   22 

zig-zag   5 

{See  danger,  safely.) 

Lilac  steel  rusts   263 

prevented  . .  260 

Lily  white   419 

Lime  and  water    32 

absorbs  carb.  acid  .  276 

burned   291 

phosphate  of    297 

purifies  bins ...  290,  439 
„       sewers  290,  439 

slack   290 

quick  or  caustic  ...  292 
used  by  well-sinkers  267 
wash  for  rooms  ...  439 

white    419 

Lincoln,  rain  of   358 

Line  of  incidence   387 

reflection   387 

Linen  cleaned  by  water  362 

cool  wear   190 

dried   333 

Linseed  oil  boiling  point  122 
LiaUEFACTION    129 

Liquids    1 14 

bad  conductors  ...  238 

cooled    240 

heated    239 

not  elastic    245 

Lisle  thread  gloves  .  196 
Liverpool,  rain  of  3,58 
Lizards  cold  blooded  ...  98 

London  fog    232 

rain  of    308 


PAGK 

Long  flues   81 

grass  promotes  eold  .  168 

Looking  glass   386 

a  reflector   386 

reflects  our  image  .  388 
„    whole  person  389 
Lucifer  matches  ....  298 
ignite  easily..  298 

Lunar  caustic   488 

Lungs  described  250 

Mackarel  scales,  &c.  . .  140 
Mackintosh  prevents  cold  165 
Madness  from  starvation  89 
Magnetic,  lightning  is  .  31 
Magnifying  glasses. . . .  399 
Magpies  bode  weather. .  159 

Malt   282 

Malting    281 

Man  a  swimmer   379 

fat  swims  best ....  379 
no  bigger  than  crow  399 
Manchester,  rain  of ... .  358 
Manufactory  chimneys .  64 

Marble   488 

March,  bushel  of  dust  323 
comes  in  like  a  lion  323 
goes  out  like  a  lamb  323 
dry  good,  wet  bad  .  324 

„  month    347 

flowers  undesirable  324 

use  of  323 

winds    317 

„    dry  323 

Mares'  tails   140 

Marsh  gas    293 

Masts  of  ships  seen  first  402 

Mayflowers   325 

s  a 


470 


INDEX. 


TAOS 

May  winds   317 

Meat  covers  209 

„  not  chased  210 
liked  in  cold  ....  93 
loathed  in  heat  . .  94 
roasted  by  reflectors  201 
taint  removed  ....  439 
tainted  by  moon  . .  226 
Mechanical  ACTION  . .  98 
developes  heat. . . .  2 
Mercury  of  barometer  335 
boiling  point  of  ..  122 

bright    262 

concave    343 

convex   343 

its  rise  &  fall  337  to  348 
rises  from  heat  ..  127 

tarnishes   261 

Metal  collects  no  dew  216 

conductors    172 

feels  cold   175 

„  hotter  than  wool  174 
fused  by  fire  ....  129 
„  by  lightning  27 
good  conductor  ..  172 
handles  burn  ....  173 
hot  causes  pain  ..  185 

reflectors   200 

tea  pots    205 

Milk  long  in  cooling. .  24 1 
soured  by  lightning  25 

Mineral  springs   360 

Miner's  danger    296 

prevented  267 

Mirror   386 

Miscellaneous  ques.  436,  1-43 
Mist  arrests  sound. .. .  429 

black    150 

cause  of  228 


Mist  (continued)  pagb 
difiFers  from  cloud   13  J 
„       „    dew  ..  22y 
fog   ..  2-J.'j 
dispelled  by  sun  229, 233 
increases  distance  155 

magnifies   155 

on  windows  ....  219 
seems  to  rise  ....  229 

white    151 

Mixing  not  combining  26 
Money  hot  in  a  pocket  174 

M-LNSOON    315 

very  powerful  316 
very  useful  .,  316 
changes  marked  316 

Months  driest    346 

wettest   346 

Moon,  distance  and  size  400 

halo  round   1 50 

largest  at  horizon  395 

oval   395 

reflected  in  water. .  393 

seems  flat   401 

,,  larger  than  stars400 
Moonlight  prom,  growth  227 
taints  meat  225 

Morning  breeze   326 

grey   146 

rainbow  ....  146 
red  ....  135,  145 
streaks    ....  136 

MOBTAB   292 

adhesive   292 

crumbles   374 

hardens    292 

Motes  in  a  sunbeam  . .  255 
Mother  Carey's  Chickens  161 
Mould  hardened  by  sun  169 
Mountains  cloudy. .. .  142 
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Mountains  (continued) 

affect  climate  ....  305 
„    winds    ....  .'08 

„    cold    202 

.collect  rain   356 

famous  for  echoes  433 
height  found  by  ba- 
rometer   335 

impede  respiration  256 

noiseless   432 

Muriate  of  soda   488 

Murkj'  nights  oppressive  151 
Musical  instruments. .  42S 

bass   429 

bells   427 

fiddles   428 

drums   428 

flute   428 

flat    429 

glasses   428 

notes    429 

pianoforte    428 

sounds   426 

treble    429 

Nails  for  matches  ....  100 
Naves  fitted  on  hot..  .  125 
Near  SIGHT  ....  405,409 
spectacles  for  ....  406 
Negative  electricitj'. .  . .  16 
JS'egroes,  why  black  ..  198 
with  black  eyes  199 
New  kettles  boil  slowly  194 


NiOHT  air  uniform 
allays  hunger 
cold  when  fine 
exhilarating. . 
oppressive  , . 
produces  .... 


431 
91 
211 
151 
151 
91 


I-AGE 

Night,  rainbow  at  ....  147 
Nights  warm, when  cloudy  21 

Nimbus  CLOUDS  ,   141 

character  of    ....  141 

Nitrate  of  silver   4o8 

Nitric  acid   26,  28,  488 

produced  by  lightcg.  2fi 

Nitrogen    38 

expired. .....  249 

of  air  24B 
Non-transparency  ....  416 

Noon,  cause  of    S06 

North  wind  cold  ....  320 

dry    320 

east  wind  dry  . .  322 

Northern  lights    148 

Notes  bass  429 

flat    429 

sharp    429 

treble    429 

November  rainy   325 

Ocean  affects  wind  ....  309 

Octaves    429 

Odour  of  electricity. ...  30 
Office  ceilings  cloudy..  71 

Oil,  elements  of   75 

linseed,  boiling  pt.  122 
of  turpentine  ....  122 

of  vitriol   488 

paper  transparent  416 

Old  people  cold   P7 

far  sighted    408 

hold  objects  at  a 

distance   409 

lose  their  power  of 

walkiug    442 

spectacJes  for  ....  408 
b  a  2 
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One  pot  will  not  boil  in 

another. .  120 
how  to  make  it  121 

Optic  nerve   406 

Orange  colour,  cause  of  424 
Ovens  entered  by  men  185 
Out-of-door  work  pro- 
duces hunger   92 

Owls  prowl  at  night  . .  384 
see  in  the  dark  ..  384 
sleep  all  day  ....  384 
screech  before  rain  154 

Oxalic  acid   488 

Oxide  of  copper   "261 

iron   258 

lead   261 

platinum  ....  263 
potassium   . .  264 

silver    262 

sudium   264 

Oxidized   248 

Oxygen    37 

exhaled  by  leaves  250 
heals  the  blood  249 
in  the  blood. . . .  266 

inhaled    247 

makes  blood  red  248 
„    fuel  burn  246 

of  air    101 

,,    its  use  . .  245 
supports  combus- 
tion   245 

sustains  life. .  . .  246 
use  of  to  tinder  101 
Ozone    30 

Paleness   248 

Palmer's  caudles   82 


PAOB 

Paper  burns   42 

not  always  46,  54 
extinguishers  ....  81 
oiled,  transparent..  416 
puckers  from  wet  365 
used  for  kindling. .  42 

Papillae    442 

Paris,  Dr   423 

plaster  of   488 

rain  of   358 

Pablocrs  smell  of  smoke 

in  summer   71 

Partition  walls  to  arrest 

sound   432 

Pea  soup  fog    232 

Peacocks  call  up  rain. .  155 
Pearl  divers  deaf   ....  152 

Pencils   200 

Percussion    95 

Perspiration   92,  229 

Petals   418 

Petrels   161 

Petrifaction   361 

Phosphate  of  lime   297 

Phosphoric  acid   38 

Phosphords    297 

how  obtained    297 

burns  under  our  nails  88 
Phosphuretted  hydro- 
gen GAS   297 

how  obtained  ....  297 

Pianofortes   428 

Pickle  tested    377 

Pie  with  a  cup    123 

full  of  juice   124 

Pigs  squeak  before  rain  155 
Pimpernel  lorebodes  rain  157 
Pipes  broken  by  frost. .  SOS 
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PAGE 

Piston   ]05 

Plants  collect  clew   ..  215 
forebode  rain  ....  157 
grow  by  moonlight  227 
Plaster  of  Paris  ....  488 
of  stoves  falls  126 
Plasterers  cannot  work 

in  frost    375 

Plate  warmer   ..  196,200 
Platinum,  good  con- 
ductor   172 

its  use   263 

never  tarnishes  263 
Ploughing  warms  us  ..  167 

Plumbago   260 

prevents  rust  260 

Poison  for  flies   439 

Poker  draws  up  fire  ..  53 
liot  against  a  stove  192 
cold  on  a  fender  17 9,  193 
how  to^  carry  a  hot  242 

rusts   259 

rust  of,  prevented  260 

Polar  current   311 

sounds  430 

Polish,  use  of   180 

Polished  metal  teapots  205 

Ponds  dried  up    168 

Poor  averse  to  cleanliness  96 
ventilation  ..  97 

lazy   92 

Poppies  repel  dew  ....  230 

Pores  of  wood .......  1 1.O 

Porter,  froth  of . .     ..  278 

set  before  a  fire  112 

stale   2B6 

vats  daT;gerous  274 
Poiliive  electricity  ... .  16 


PAGK 

Potts  charred   74 

Potatoes,  green   ....  421 

yellow   4-0 

Potash,  tartrate  of  ....  488 

Potassium   464 

burns  in  water  464 
Prick  of  the  skin  bleeds  83 

Primrose  yellow   419 

Prisms  divide  light. .  . .  411 
Prognostics  of  weather 
from  animals  ..  154,  156 
candles  &  lamps  161 

clouds   138 

corns    257 

distant  objects. .  155 

flowers   157 

insects   159 

magpies    159 

perfumes   158 

railway  smoke. .  153 

rainbow    146 

sea  gulls   160 

sky   146 

smoke   158 

sounds   163 

sun-rise    146 

sun-set          143,  146 

Proverbs  about — 

April    325 

clouds   140 

dust   332 

kettles   207 

magpies    159 

March   323 

rainbows  ....  146,  147 
scripture,  145,  181,  350 

spring   333 

sun    H(J 

S  a  3 
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Proverbs  (continued)  page 


weather    330 

winds    333 

Psalms  illustruted  181,352 
Pump  explained   255 


handle  cold  ....  175 
well  very  deep  . .  256 
water  hard  ....  360 
„  sparkles..  291 
Purple  steel  rusts  ....  260 
its  rust  prevented  260 

PUTBEFACTION    284 

not  fermentation  283 
smell    284,297 

Quadrupeds  swim  ....  379 
Quick  lime  absorbs  car- 
bonic acid   ....  276,  292 
Quicksilver  bright  ..  262 
conductor....  178 
extinguished  442 

Eadiation   202,  254 

coals,  iron  . ,  253 

Eadiators  are  absorbers  203 

bad    180 

Kahway  engines    ....  224 

furr  of    265 

smoke  foretells  rain  153 

water  for  , ..  265 

PiAiN    253 

aflfected  by  wind  . .  354' 

after  lightning. .. .  10 

arrests  sound  ....  430 

cause  of   233,  313 

clouds  bode   141 

cools  ftir   166 

differs  from  dew..  233 

diminishes  density  355 


Rain  (continued)  paob 
dispels  carbonic  acid  270 

drops  of   353 

,,  vary  in  size  354 
fertilizing  . .  325,  355 
from  passing  clouds  354! 

sudden  change  344 
heaviest  in  summer  358 
least  at  the  poles. .  359 
less  in  summer  . .  326 
most  in  winter  325,  358 
„    on  mount!  ins  356 


near  the  equator..  359 

not  salt    364 

on  cabbages   230 

dust    230 

rose  leaves  ....  230 
of  Cambridge  ....  358 

Dublin    358 

England   358 

Kendal   3o3 

Keswick   358 

Lincoln    358 

Liverpool    ....  358 

London    358 

Manchester  ....  358 

Paris    358 

prognostics  of  ... .  142 
from  animals  ..  154 

birds    159 

candles  and  fires  155 

clouds   141 

corns    357 

distant  objects. .  155 

flowers   157 

insects   159 

railway  smoke. .  153 

rainbow    156 

seu  gulls    160 


INDEX. 


475 


Rain  (continved)  page 

sky    146 

smoke   158 

sounds   153 

sun    U6 

purifies  air   355 

sudden  change  3 14 
■WATER  fertilizing  325 

not  salt    364 

smells  oflPensive  362 

soft   362 

stagnant   364 

unpleasant  ....  363 

PiAINBOW   411,412 

colours  reversed  414 

double   413 

morning   146 

night    147 

Eniny  months   358 

parts  of  England  358 

Bare  air  bad  for  sound  432 

Rattling  of  kettle  lid  ..  119 

Eat  of  light  bent  ....  403 
divided  ..  410 
two  produce  darkness  421 

Reading  makes  hunger  91 


Eed  colour   248 

cause  of   418 

rose   418 

sky    135 


sun-rise  ..  135,  144 
sun-set    . .  143,  146 
Reflection  of  HEAT. ,  199 
in  a  mirror  388 
in  water  . .  3S9 

Reflectors    199 

help  to  roast  ....  2J1 
keep  kitchen  cool  201 
light  colours   ....  200 


Reflectors  (contind.)  i"**"* 


not  absorbers  ....  200 

polished  metal    ..  200 

should  be  clean  ..  197 

„    bright   197 

„    not  be  painted  196 

Eefraction    402 

Resinous  electricity    ..  17 

Retina   406 

Reverberation   433 

Eice  for  food    96 

Rings   dangerous  in 

storms   22 

Rivers  slow  at  sides  . .  365 


freeze  unequally  369,  371 
„  never  at  bottom. .  369 
invert  our  image. . . .  390 
not  wholly  frozen   . .  370 


oscillate    365 

shallow  freeze    ....  371 

seem  shallow   404 

■warm  when  frozen  . .  371 

Roast  apples   109 

„    soft    ....  109 
chestnuts    ....  lOT 
Road  dark  from  a  light 

room    382 

Rocks  collect  no  dew..  217 
broken  by  frost  367 
Rotation  of  earth  affects 

the  air   307 

Room  cooled  ....  165,333 
currents  of  air  in . .  303 

ventilated    333 

vitiated  by  a  crowd  208 
warmed  by  fire  .  248 
warmer  than  air  . .  331 

Roses  red    418 

repel  dew   230 

B  a  4 
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Rosneath,  echo  of  ....  435 

Ross,  Captain   430 

Rotation  of  earth  ....  30C 
Rotting  leaves  cold    ..  108 

Rubbing    102 

hands  to  warm  them  J  03 

melts  ice   104 

restores  animation  103 
wood  excites  fire..  102 
See  friclion. 


Ruddiness    248 

Ruins  famed  for  echoes  433 

Rumford  Count   191 

Running  makes  warmth  90 
water  freezes  slowly  370 
makes  rough  ice..  371 

oscillates   365 

pure   364 

Rush-lights  blown  out .  80 

UusT    25« 

prevente-d    259 

when  most  common  259 

Rustics  healthy   271 

Ruts  frozen   367 

Safety  in  a  Storm 

abroad  ..  20,  21,  22 

best  to  be  wet . .  "22 

in  a  carriage    . .  20 

armour    ....  21 

bed    21 

houses     ....  21 

iron  beds  ....  21 

near  a  tree  . .  20 

Safety  lamp   295 

Sailors  killed  by  carb.  ac.  268 

rarely  catch  cold  165 

Saliva   442 


PAOB 

St.  Bride's  church  de- 
stroyed by  lightning  25 

Salt  4S8 

,aud  snow  cold  34,  374 
,,  bad  for  washing  361 
crackles  in  a  fire. .  46 
dissolves  ice  ....  373 
dissolved  by  water  363 
„  especially  hot  363 
flavours  water  ....  363 

of  lemons    488 

retards  boiling. ...  121 

smelling  480 

white   352 

water  boils  slowly  121 
„  bad  for  steamers  264 
„      ,,       washing  361 

Salts  Epsom    488 

Sand  dazzling   417 

used  for  furnaces  181 

Saturday's  kettle   207 

Saucepan  best  black. .  206 
new  boils  slowly..  206 
lids  should  be  clean  206 

bright  206 

ratile    119 

Saws  hot  from  use  ....  104 
Sawdust  arrests  sound  431 

Sculd  cured   163 

Sclerotic  coat   406 

Scripture  illustrated   ..  181 
218,  c50 

Scum  of  fermentation  281 
Sea  affects  climate. .  . .  305 
beach  healthy  early  327 
not  at  night  327 

brackish   364 

breakers  329 
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Sea  {continued)  page 

breeze    327 

cause  of    327 

cold   327 

gives  out  heat ... .  329 

gulls   163 

less  hot  than  land  .  309 
not  beated  by  sun  .  309 
rarely  frozen   ....  372 
„    gives  cold  . .  165 

salt    364 

spray    330 

tides   330 

vapournotsalt. . . .  170 
•water  buoyant  ... .  377 

waves    329 

,,    stationary  ..  329 
„  no  onward  motion  320 

winds    309 

Sedentary  men  not  hungry  92 

Seeds  germinate   325 

Seeing  in  a  glass  ... .  386 
into  a  dark  street. .  396 
„    light  room. .  382 
in  small  mirrors  ..  389 
the  same  object  ..  381 
when  used  to  dark  383 
Sensation  destroyed  ..  441 
of  feeling  , .  44'1 
of  taste ....  411 
September  winds  . .  317,  318 
Sewers  purified  by  lime  290 

Shade  cool    189 

Shadow  after  looking  at 

sun    424 

in  water  389,  390 

larger  as  the  object 
approaches  alight  397 
Shallow  water  freezes...  371 


FAGII 

Shavings  arrest  sound . .  433 

Sheen   417 

Sheep  bleat  before  rain  154 
lie  under  hedges  . .  154 
perilled  by  storm . .  19 

Sheet  lightning   6 

Sheets  wet    164 

Shilling  and  basin  ....  404 

Shining    417 

Ships  contain  carb.  acid  268 
hull  seen  first . .  402 

out  at  sea    402 

the  Hawoody  . .  268 
Shiets,  cotton  warm  ..  190 

linen  cold   190 

Shoes  cold  when  wet..  164 
hot  when  dusty  . .  201 

Shot  hot   100 

Shower  cools  air   166 

Shutters  dangerous ....  166 
Sick  rooms  purified  439,  440 
Sicknessfrom  overeating  90 
want  of  exercise  90 
Sides  of  a  pond  littered  437 
Sight  affected  by  heat.  382 

far    408 

cause  of  ....  408 

effect  of   409 

remedy   409 

near  407 

cause  of  ....  407 

effect  of    409 

remedy  407 

Silence  prod,  by  sound  421 

Silk,  raw  warm   191 

spun  cool   191 

Silver  good  conductor  172 
moat  auvers   209 
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Silver  {continued)  paoe 
should  not  be  chased  210 

nitrate  of   488 

tarnishes   261 

Simmering   115 

Simple  clouds   137 

Singing  of  a  kettle. .  ..  116 
produces  hunger  91 
Single  magpie  uulucky  .  159 

Sir  H.  Davy    295 

Size,  distance  lessens  .  399 

of  clouds   132 

Skin,blackneverblisters  198 
scorches  198 
white  blisters  ....  198 

Sky  blue   146 

cleared   322 

giey   145 

overcast    321 

red    145 

yellow    145 

Slaked  lime   292 

Sleep  elongates  the  body  439 
body  feels  not  in...  441 

dreams  in   441 

ears  hear  not  in  ...  440 

eyes  see  not  in   440 

mind  wills  not  in  .  441 
tongue  tastes  not  in  440 

Sleet   349 

Slit  chesnuts    109 

Smelling  salts   480 

Smells  in  wet  weather  157 
bins  and  sewers  . .  290 

remedy   290 

churchyards  297 

putrefying  bodies. .  284  | 

sick  rooms   438  I 

remedy  43(3 1 


Smoke  41,  (JO 

ascends    60 

curls   61 

falls   158 

„  down  a  chimney  C4 
of  fresh  coals  ....  41 

„  candles    83 

„  lamps   84 

remedy   85 

„  red-hot  coals  . .  41 
„  steam  engines, .  61 
„  „    trails  153 

rises   60 

useful  in  cooking. .  208 

Smoky  chimneys   62 

See  chimney. 

Smoke  jacks    113 

Smouldering  wicks ....  53 
Snakes  cold  blooded  ..  98 

Snow    349 

and  salt  cold  . .  36,  374 
arrests  sound  ....  429 
bad  conductor. .. .  350 

cause  of    349 

contains  heat  ....  34 
falls  in  winter ....  349 
„    not  in  summer  351 

like  wool          181,  350 

nourishes  the  earth  351 

on  mountains   351 

soon  melts  beneath 
a  hedge  or  wall  .  214 

use  of   350 

warm    350 

white    351 

Soap    361 

cleansing   362 

hard,  soft   301 


INDEX. 


479 


Soap  (continued)  i'^ge 

yellow   361 

bubbles    415 

ascend   ....  365 

„    change  colour  415 

Soapy  water  bubbles  . .  365 

SouA,  muriate  of   488 

water    277 

„    acid    ....  278 

Sodium    264 

decomposes  water  264 

Soft  soap    361 

water  for  washing  .  362 

Soil  afifecta  climate  ....  305 

Solids    114 

Sonorous  things   426 

bell  metal    427 

copper   426 

iron   426 

musical  instruments  428 

Soot    40 

in  summer    71 

on  ceilings    71 

{See  smoke.) 

Sooty  kettles    193 

Sound   426 


affected  by  frost  . .  430 
„        heat  ..  430 
akin  to  colour  ....  418 
arrested  by  mist ..  431 
,,         wet  ..  429 
diminished  by  rarity  432 
beard  best  by  night  431 
„  in  a  frost  430 

through  bent  tubes  403 
inaurlible  oti  hills  .  432 
loudest  in  dry  air  ,  153 

velocity  of   426 

mubicul    420 


Sound  (continued) 

prevented  passing  from 


room  to  room   432 

two  produce  silence  421 

Soup  long  c'loling    241 

cooled  by  air   254 

Source  of  heat   I 

Sourness,  cause  of   280 

South  wind  rainy. ..321,  337 

warm    320 

west  wind  rainy  ...  322 

Spaiiks  from  afire   110 

flint    100 

,,       horse-shoe  101 

Spectacles    406 

aflect  the  eyes   425 

black    425 

blue   424 

clouded  by  a  hot  room  222 

for  aged    409 

„  near  sights   407 

Spectrum   425 


Spirits  depressed  ....  151 
before  a  storm  257 
cloudy  night...  150 
dull  weather...  151 
mountain  air  ...  256 

exhilarated    151 

by  clear  nights  151 
frosty  air ...  154 

spring    154 

Split  bells    426 

Sponge  swells  when  wet  356 
Spontaneous  combus- 
tion 57,  58,  59 

of  forests   104 

Spoons  become  dull  ...  262 
bent  in  water  ...  404 
stained  by  eggs  .  284 
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Spoons  retard  boiling  . .  120 
Speaking;  produces  Lunger  9 1 

Spkay,  cause  of   330 

white   419 

Spring,  liest  hue  ....  324' 

bracing   154 

cracks  the  earth  . .  374 

verdure    420 

Spring  water  cool  ....  189 
sparkles  . .  279 
Springs  prevent  freezing  372 
Sprinkling  to  cool  rooms  1G5 
Squint  eyes  see  double  386 

Stagnant  water   IJ64 

full  of  worms  364 
soon  freezes. .  370 

Stale  beer,  &:c   28() 

eggs  offensive  ....  285 
Stars,  distance  of  ... .  400 

size  of   4U0 

invisible  by  day  ..  385 

seem  flat  401 

seen  in  a  well  ....  385 
seen  ou  mountains  394 
twinkle   421 

STAnVATION    89 

produces  dirtiness  .  96 

,,       laziness ...  92 

„       leanness...  89 

„       madness...  89 

Steam                   129,  359 

curls   61 

engines  burst  ....  242 

invisible    242 

of  a  kettle    242 

„  locomotive  . .  224 

■wLy  visible   119 

what  becomes  of  it  120 


I  FAGB 

Steel  affected  by  light- 
ning...  31 

and  flint  make  a 

spark    100 

purple   260 

rusts   260 

prevented...  200 
Stick  burnt  makes  a  circle 

of  light   422 

Stirring  cools  broth,  &c.  254 
Stockings  difficult  to  draw 

on  when  wet   357 

Stones  broken  by  frost  367 

cold   175 

collect  no  dew   216 

snap  in  fire   110 

unfit  for  fuel    45 

Storms    4 

depress  the  spirits  257 
distance  of  tokl  ...  9,  II 
follow  dry  weather  28 
places  of  danger  in  12 
„  safety  in  .  20 
prevail  in  summer 

and  autumn ....  '28 
rare  in  wet  weather  29 
{See  danger,  safety.) 
Stoves  crack  lighted  . .  126 
cooling, .  126 

of  bricks   181 

iron    181 

on  a  floor  63,  5'43 

rust   5:59 

„    most  in  winter  259 
„    not  often  ....  259 
„    prevented ....  260 
settings  full  away . .  1  ?6 
warm  a  room  ....  213 
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TAOE 

Stratus  clouds   138 

how  produced  ..  139 
Straw  put  over  bricks  ,  375 
„  trees  ....  376 
„  waterpipes  376 
Streets  dark  fr.  a  room  3S2 
seem  to  meet  . .  398 

watered    165 

Striking  iron  makes  heat  99 
Struggling  in  water  dau- 

gerous   378 

Stucco  peels  oflf  in  frost  375 

Sublimates    488 

Sublimation   488 

Sudden  light  painful  . .  382 

Sugar   279 

anhydrous    280 

at  top  of  tea  melts  438 

elements  of   279 

ferments   279 

flavours  water  ....  363 
left  at  the  bottom  of 

a  cup  melts  slowly  438 
makes  alcohol ....  280 
„    carbonic  acid  280 
melted  by  water  ..  36'i 
„    especially  hot  363 

of  lead   488 

retards  boiling. .. .  121 
siirredmeltsquickly  438 

white   352 

Sdlphate  of  lime  360,  488 
magnesia  488 

soda   488 

zinc   488 

Sulphuric  acid....   488 

„         and  water  32 
SuJijhureltcd  hydrogen  .  284 


J«A<»F 

Summer — 

allays  hunger  W 

clothes  for    1 9 4 

makes  grease  odious  94 
„    fruit  pleasant  95 

lightning   11 

Sun-beams  full  of  motes  2f)0 

Son  affects  eyes  424 

dazzles  383 

dulls  fire   50 

hardens  earth  ....  169 
largest  at  hor  ■  ^n  .  ?95 
not  seen  ii  «we  ..  S92 

oval   ......  395 

radiates  heui  ....  202 
reflected  in  water. .  393 

seems  flat    401 

source  of  heat. ...  2 

Sun-rise  breezy   326 

red,  cause  of  135,  144 
„    sign  of  wet  146 

Sun-set  grey    146 

red  135,  144 

„  forebodesfiue  143 

yellow   143 

„  forebodes  wet  144 
Super-acetate  of  lead  . .  488 

Sur  Rtja  of  Bengal   269 

Suspended  animation  res- 
tored   103 

Swallows  fly  low   159 

Swan  dry  in  water  ....  230 
Sweet- wort  needs  yeast  283 

Swimmers  sink    378 

Swimming   379 

in  the  sea..  . .  377 
Syphon  explained  ....  256 
Syiup,  boiling  point  of  .  122 
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Table  salt    488 

Tainted  meat  cured  72,  439 
,,  in  moonlight  226 
water  purified  73 

Talxow    75 

wicks,  why  of  cotton  .  83 
why  not  like  wax  wicks  83 
See  candles. 

Tarnish   261 

of  copper  2G1 

German  silver  262 

lead   261 

silver    .......  262 

zinc   261 

Tartar  emetic   488 

Tartrate  of  potash   488 

Tarts  have  a  cup  inside  123 

full  of  juice   ]24 

Taste   442 


Tka  cooled  by  blowing  .  J  86 
,,     by  stirring  .  254 
„     in  a  saucer.  169 
GREEN,  deleterious  439 
„  poison  for  flies  439 
Tea-pot,  black  earth  . .  205 
preferred  by  some  205 
set  on  a  hob  ....  205 

bright  metal   204 

„       tarnishes  262. 
Tea-spoons  tarnislied  .  261 
„  by  eggs  284 

Telescopes    402 

Temperatuhe  varies. .  304 
from  forests. . . .  .167 
„   land    ....  305 
„   mountains  305 

„   sea   305 

„   soil   S0& 


paob 


Temperature  from  trees  167 

Tempest   4 

affects  weather  344 
{See  storms) 

Thaumatrope   423 

invented  by  Dr.  Paris  423 

Thaw  affects  barometer  338 

cold   373 

dulls  fire   52 

Theatre  dangerous  ....  19 

Thermometer   334 

differs  from  a 

barometer..  334? 

rises  from  heat  127 


Thick  clotbing  unhealthy  170 
Thread  gloves  cool....  196 
why  white  419 


Thunder    8 

after  lightning. .  . .  11 

bolts  {see fuhjxiritea)  1 1 

deep  growl    9 


distance  of,  told. .  9,  11 
effect  on  weather..  344 
followed  by  rain  . .  10 
,,       wind  ..  10 

inaudible   H 

irregular  roar  , . , .  8 

one  crash   8 

rolling   10 

{See  danger,  sajeiy,  storm.) 
Thunder-storms,  cause  of  4 

Tides    330 

cause  of    I-IOO 

two  daily   330 

Tigers  prowl  by  nigln  3S4 
see  in  the  dark. .  384 
sleep  all  day  ....  o84 
Tiles  broken  by  frost..  367 
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PAGE 

Timber  charred   74 

TiN-blowers    70 

foot-warmers  ....  179 
„  covered  ]80 
good  conductor  ..  172 
meatcovers, polishd.  209 
plate-warmer  196 

reflectors   201 

tarnish  of   261 

{See  re/lectors.) 

Tinder  blown   101 

Toast  and  water   73 

dry  for  the  sick  .  73 
Tomb  stones  frosted  ..  197 

Tongs  rust   260 

prevented..  260 
Tools  hot  from  use.  • . .  104 

Tbade  winds   311 

Atlantic    314 

Indian  ocean  314,  316 
Monsoons  ....  315 
North-east  ....  311 

Pacific   314 

South-east    311 

Trailing  smoke  bodes  rain  153 

Transparency   416 

non-transparency  416 

Treble  ,  4.19,  429 

its  vibration  ...  429 
Trees  barked  by  a  flash  29 

collect  dew    21 1 

covered  with  bass  213 
discharge  lightning  12 
look  distant  in  fog  155 
not  frost-bitten...  236 
promote  warmth  .  167 

purify  air   272 

shade  of,  cool  ...  189 


PAOC 

Trefoil  forebodes  rain. .  157 
Tremulous  appearance 

after  rain   156 

Tube  of  barometer. . . .  335 

Tubs  dried  up   168 

Tumblers  (see  glasses) 
Twilight,  evening. .. .  136 
morning  ..  136 
Twinkling  of  stars  ....  421 

Two  eyes   385 

,,     see  single. . . .  3S6 

„     use  of   385 

fires  smoke   65 

„    remedy   66 

Unslit  chestnuts   107 

Use  of  barometers  ....  335 

clouds   142 

smoke  in  cooking  208 
snow   350 

Valley  chimneys  smoke  67 

of  death   270 

Vaporization    130 

Vapour  a  conductor  . .  19 
diS'ers  from  gas  114 
forms  fog  ....  234 
„     cloud   . .  234 
of  a  carriage  . .  220 
a  room  ....  219 
sea  not  salt. .  170 
Varnish  to  prevent  rust  260 

Vats  fatal   274 

Vegetables  eatcarb.  ac.  251 
agreeable  in  summer  95 

collect  dew    215 

cool  the  blood   95 

deaend  on  animals  ...  252 
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Vegetables  exhale  oxyg.  250 
Velocity  of  clouds  ..  331 
light....  381 
lightning  12 
sound  ..  434 
thunder  .  21 
wind....  331 


Vent  peg   286 

Ventilation   333 

sought  by  rich ....  97 

not  by  poor  . .  97 

Verdigris  488 

Vertical  sun  800 

Vestry  chimneys  smoke  66 

Vinegar  distilled  488 

Violet  blue  418 

colour,  cause  of.  424 

Violins  musical    428 

Vitreous  electricity. ..  .4,  16 
ViTKiOL,  oil  of    488 

white    488 

Walls  to  arrest  sound  432 
•wet  in  winter  . .  223 
„  in  a  thaw  . .  223 
Want  connected  with  dirt  96 

Warm  clothes   195 

colours   195 

somethingsmore 
than  others  . .  171 
Warmth  from  draining  167 

trees   167 

clearing  forests  167 
cultivation  ,.  167 

Warming  rooms   243 

Wash-hand  basin  ....  177 
Washing, goodforhealth  96 

water  for   290 

should  not  be  hard  360 
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Watches  dangerous  in 

lightning   21 

Water   359 

acidulated    276 

aerated   277 

and  lime   32 

and  sulphuric  acid  32 

ashes  soften   362 

bad  conductor  178,  240 

boiling   239 

„  bubbles  ....  117 
„  rattles  ....  119 
„    runs  over  , .  118 

„    sings   116 

„    swells   117 

carbonic  acid  of  . .  291 
cleans  dirty  linen  .  368 

cold   177 

„    contains  heat .  33 
converted  to  steam  129 

cools  slowly   231 

decomposed  264 

deep  freezes  slovply  372 
dried  up  in  summer  168 
elastic   2i5 


expands  by  frost. .  369 
„        heat  . .  368 
extinguishes  fire  55,  111 
„    notalways,  56,  56 
flat  when  boiled  . .  288 
flavoured  by  salt . .  363 
„  sugar  363 

flowing,  pure  ....  364 

fluid   359 

for  sick  room  ....  73 

washing  290,  360 

freezes  at  surface...  370 
,,     unequally ...  371 
fresh,  sparkles   291 
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Water  (contimied)  page 

frozen   366 

„    ty  etber   376 

„  evaporation  376 
„      air  pump. .  376 

fuel   55 

furrof   264 

hard   360 

agreeable  to  drink  291 
nufit  for  washing  3G0 

heated   239 

heavier  than  ice  . .  366 

hot,  scalds    183 

how  preserved  cool  199 
„       „  hot  199,209 

increases  fire    55 

inverts  images   389 

kept  hot    209,  241 

„    cool          199,  209 

melts  sugar,  salt,  &c. 363 
especially  hct  363 

mineral    360 

mixed  with  salt  ..  363 
boils  slower. .  122 
need fnl  for  frmntn.  285 
not  heated  above 

boiling   240 

not  heated  like  land  309 

oscillates   365 

pump,  agreeable  . .  29 1 

,,    hard    360 

sparkles    291 

purified    73 

purifies  bins,  &c.  290 

putrefies    364 

rain,  not  salt    364 

„  smells  ofTeusly.  303 

„  soft   362 

reflects  sua  by  a  spot  393 


Water  (continued)  pack 
rises  in  a  pump  ..  255 
running,  keeps  pure  364) 
„    freezes  slowly  370 
„       „      rough  371 
„    oscillates   ..  3rt5 
salt,  bad  for  washg.  36J 

scalds   185 

sea  brackish  ....  364 
„  seldom  frozen  371 
shallow,  freezes  soon371 

simmers   115 

slackens  flame  . .  56 
soapy,  bubbles    . .  365 

soft   291 

,,  best  for  washing  362 
softened  by  ashes  363 

sparkles   279,  291 

spring  cool   189 

„  seldom  freezes  372 

stagnant    364 

„    full  of  worms  364 

Btale   288 

swells  with  boiling  117 
toast   and,  use  of  73 
warm  when  frozen  371 
will  notbubble  with- 
out soap   365 

{See  rain,  ice.) 
Water-pipes  burst  by 

frost   363 

covered  with  straw  376 
Watering  plants  by  saucer436 

rooms    165 

streets   165 

wheels   169 

Waves  ,   329 

cause  of  breakers  329 
spray....  330 
T  a 
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Wax    75 

caudles  not  snuffed  83 
Weathbb   affected  by 

tempests   343 

weight  of  air  . .  334 

glass    336 

prognostics  of . .  . .  140 
„  fr.  animals  154,  155 
clouds  ..  138,  141 

flowers    157 

rainbow   146 

sky    146 

sun-rise   146 

sun-set  . .  143,  146 

rules  for   337 

sudden  change  brings 

rain   344 

told  by  barometer  334 

toys   357 

WELL-sinkers  use  lime  267 
stars  seen  in   ....  392 
sun  not  seen  in   . .  392 
West  wind  promotes  dew  225 

rainy   321 

Wet  clothes  give  cold  164 
,,  safe  in  a  storm  22 
feet  dangerous. ...  164 

finger  cold    163 

indications  of . .  145, 149 

kindling   45 

night  oppressive. .  150 
rat  safe  in  lightning  22 

sheets    164 

signs  of  ....  145,  146 
summer  brings  cold  166 

walls    223 

weather  painful  145, 150 
Wettest  mouths  346 


PAOB 

Wheels  catch  fire. .  -.  103 

greased    103 

kept  cool  by  water  169 
Wheel-ruts  frozen  ....  367 

Wheelwright    125 

White   416 

blisters    198 

body  linen    194 

bones   420 

cloth  cold    194 

clouds  ; . .  419 

crust  on  clothes  ..  170 
colour,  cause  of  ..  419 
dresses  for  summer  194 
„  not  for  winter  194 

fat    419 

froth  419 

lily    419 

lime   419 

mist   150 

salt   352 

snow    351 

spray    419 

sugar    352 

thread   419 

vitriol    488 

WicKS  cotton,  snuffed  83 
not  of  wax  light  83 

gas  of   294 

long,  have  a  nob..  82 

not  upright   82 

Pivlmer's  not  snuffed  82 
rekindled  quickly  53,  50 

smoke   84 

See  candles. 

Will  o'  the  wisp  298 

Wind    300 

affects  barometer. .  337 
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"VN'iKD  {contivued) 
„  clouds 
after  ligbtniDg 
altered  by  clouds 
„  electricity 


PAGE 

134 
10 
310 
136 
308 
309 


„  mountaius 
„  seas  . . . ■ 
„       rotation  of 

earth    ..  306 
brings  clouds  ....  142 

„    dry   322 

„    rain    322 

cause  of  . .  SOO 

chimneys  smoke  frcm70 
changes  clouds  131,  134 
cold  ..  170,  187,  320 
dispels  clouds  134,  143 

„     fog   235 

draws  up  fire   ....  52 

dries  linen    333 

effects  on  air  ....  301 
„    „    barometer  336 
feels  hot  sometimes  187 
generally  cold  187 


in  England 
increases  clouds 
near  mountains 
of  a  morning 
evening 
prevents  dew 

regular  

varies   

velocity  of  . 
varies 


317 
134 
308 
£26 
326 
214 
310 
308 
331 
305 


See  England,  monsoon,  north, 
Situth,  west,  d;c.  trade  winds, 
breeze,  S^c. 

Winding  passages  echo  432 


PACK 

WiKDOvrs  blaze  with  sun  390 

not  at  noon   393 

draught  of   330 

covered  with  frost  221 
,,       „       mist  219 
carriage  dull   ....  220 

rattle    435 

Wine  glasses  (See  glass) 
"Wine,  fermentation  of  24& 
made  without  yeast  285 
sour  cause  of  ....  280 
Winter  clothing..  182,  194( 

cold   166 

promotes  hunger  93 
Wisdom  of  God 

See  God's  goodness. 
Wood  ashes  soften  water  362 

burns    42 

„    spontaneously  56 

charred    74 

hot  at  one  end,  cold 

at  the  other. .. .  171 
ignited  by  friction  102 

kindling   42,  43 

»,       dry   45 

„       wet   45 

made  incombustible  46 
sends  forth  sparks  110 

snaps    108 

will  not  melt  ....  130 

Wooden  handles   173 

Woodpeckers  cry  before 

rain   155 

Wool  bad  conductor. .  172 
collects  no  dew  . .  216 

warm    182,  350 

Woollen  clothing. .. .  182 
kettle  holders  173 
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PAGE 

Work  produces  burger  80 
Wound  brings  blood  ..  83 

Yeast   282 

makes  light  bread  288 

wort   283 

not  used  in  wire  ..  284 
used  in  brewing  . .  282 

Yellow  colour    419 

cause  of  . .  419,  424 


TAOM 

Yellow  flame  luminous  48 
medium  tone  . .  419 
sky  sign  of  rain  145 

soap   361 

6un-set  cause  of  143 
„    sign  of  wet  144 

Zig-zag  ligblning  ....  5 
Zinc  a  conductor    ....  172 
tarnish  of   20 1 


GLOSSAET. 


Acefie  Acid  called  Histilled  VincKar* 


C'l/nc 

JVi/rou«  ,1 

Oxalic     „  „ 

Sulj'h^Uf  jlvmina 
Lime  „ 
„       Jron  „ 
„  Copper 


Juire  of  3  (monst 
Aqua  Toitis 
^1  Jt  ol  i  emonst 
Oil  Ol  Vitriol 
Alum 

i'lefcter  of  Poris 
Gn  en  Copperas 
, .     .    Blue  Vitriol 
Itiognesia  )-psoiii  ?alts 
^Wa    „    Glauber  balls 


Sulph.  of  Zinc  called  Wliite  Vitriol 
Kiiraie  oj  i'ofash      „  Saltpetre 

,,  iSnrer 
Frvssiaie  oJ  1  of  ash 
Tartiuie  oj  1  olush 


Avciaie  i/j  Cojiper 
J^vriate  nf  Hoiia 
Oxide  of  Lead 
CarO.  oJ  Ammonia 
J.inic 


Lunar  I  austic 
„  I'lussiau  Blue 
„  Koclielle  fcalt 
„  Verdigris 
„   Table  Salt 
Goujard 
Smelling  Salts 
Chalk,  Marble,  &c 


Suy.  Met.  (i/  Lead,,  Sugar  of  Lead 


Sdblimatks  are  clicmiral  projiarations,  tlie  basis  of  wliicli  is  gfiiptallj'  quick- 
Bilver  111  coauosivi;  suaMftiATi  s,  the  quirks^ilver  is  aiitiguibhed,  cither  by 
vitriol,  potter's  cley,  or  some  other  iugicdicnt.  Sensoie  acid  is  a  sublimate 
uilhout  quicksilver. 

SuKLiMATtoK  is  a  siiuilar  proc  ess  to  dlEtillation ;  OD)ytolids  (such  as  metals 
are  employed,  instead  of  liquids. 

N.B  —  It  may  be  piofitable  to  remind  the  pupil  that  when  the  termination 
•*  Otis"  is  used,  it  iniplits  that  the  substaiire  has  less  oxj^euthan  uhen  tlie 
tcrmirBtion  "  ic  '  is  added— thus  sulphurous  acid  conthins  less  oxygen  than 
eulphuricacid,  ilc. 

*  Distilled  vinegar  is  an  impure  or  diluted  acetic  acid. 

t  t  itiic  acid  is  a  rather  ciystalling.iSiUi&(£uce,  piepared  from  the  juire  oJ 
bmons.  ^  jTX  J^^^ 

I  .^ult  of  lemons  is  really  a  ^^^nl^^f^lt^^oJB^^a  compouodoi  tno  equina 
leuti  of  oxalic  acid  and  cue  (  ** 
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bossed cloth,  Is.  6d. 

THE  NEW  HOME:  OR,  WEDDED  LIFE, 
ITS  BUTIES,  CARES,  AND  PLEASURES.  By 
the  Author  of  "  A  Woman's  Secret ;  or  How  to  Make  Plomo 
Happy."    Handsomely  bound  in  cloth.    Thii-d  Edition.  Is. 
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BOOKS  FOR  THE  HOUSEHOLD. 


The  extraordinary  demand  for  the  Household  Tracts  for  the 
People  has  led  to  their  issue  in  a  form  suited  to  the  Home  and 
Lending  Library  and  as  Gift  Books.  They  have  been  so  arranged 
that  each  volume  is  adapted  to  a  special  class  of  readers.  The 
publishers  confidently  anticipate  for  the  Books  for  the  House- 
hold the  same  discriminating  patronage -which  has  been  awarded 
to  the  Household  Tracts  in  their  separate  form. 
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FOR  FATHERS  ATfD  MOTHERS. 
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Working  Men's  Hindrances.— When  to  Say  "No !"— TheDay  of 
Kest. — How  do  People  Hasten  Death  2 — Men  who  have  Fallen. 

FOR  YOUNG  WOMEN. 

The  Useful  and  Happy  Life.— My  First  Place.— The  Dangerous 
Way. — Daughters  from  Home. — Kind  Words. 

FOR  YOUNG  MEN. 

How  to  Take  Care  of  Number  One. — ^How  to  Rise  in  the 
World. — Life's  Battles  and  Men  who  have  Won  TLem. — 
Straightforwardness. — Young  Men  in  Great  Cities. 

FOR  BOYS  AND  GIRLS. 

Mother's  Last  Words.- Our  Father's  Care. — The  Starting  in 
Life. — How  to  Get  On  in  Life. — Work  and  Play. 

POETRY  ON  HOME  &  SCHOOL  LIFE. 

Children  at  Home. —  Children  at  School.—  Happy  School- 
fellows.— Sick  Child's  Cry.— Household  RhjTues. 

THE  PATHWAY  OF  HEALTH. 

The  Worth  of  Fresh  Air.- The  Use  of  Pure  Water.— The 
Value  of  Good  Food.— The  Influence  of  Wholesome  Drink.— 
The  Advantage  of  Warm  Clothuig. 

FOR  YOUNG  MEN  AND  WOMEN. 

Are  You  Thinking  of  Getting  Married  ?— Goiiig  a-Courting.— 
Marriage  Bells.— Temptation.— Company. 

One  SliiUing  eacli,  bound  in  Cloth,  with  Frontispiece. 


Jarrold  ^  Sotis,  12,  Paternoster  Row,  London. 


Eousehold  Tracts  for  the  People. 

TWOPENCE  EACH. 

They  supply  information  on  Health,  Home  Happiness, 
Training  up  Chilch'en,  and  Social  Morals,  in  the  most  interesting 
and  attractive  style  of  narrative  and  illusti-ation.  They  are 
eagerly  read  hy  young  and  old  of  every  station.  Upwards 
of  TWO  MILLIONS  are  already  m  circulation. 

Suitable  for  Young  Men  and  Women. 


*Young  Men  in  Great  Cities. 
'Daughters  from  Home. 
How  to  Take  Care  of  Number 
One. 

How  to  Kise  in  the  "World. 

Aie  You  Thinking  of  Getting 

Married  1 
•The  Happy  Life. 
Going  a-Courting,  Sweetheart- 

ing,  Love,  and  Such  Like. 


Life's  Battles,  and  Men  who 

have  Won  Them. 
Men  who  have  Fallen. 
Temptation. 
The  Dangerous  Way. 
Straightforwardness,  the  Road 

to  Honour,  Happiness,  and 

Wealth. 
Gain  of  a  Well-trained  Mind. 
Marriage  Bells. 


Suitable  for  Fathers  and  Mothers. 


How  do  You  Manage  the  Young 
Ones? 

Peace  in  the  Household. 
How  to  Make  the  Most  of  Things. 
Cottage  Homes. 
The  Mother's  Trials  and 
Triumphs. 


Household  Management. 
Working-Men's  Hindi'ances. 
When  to  Say  No ! 
Some'.hing  Homely. 
Household  Troubles,  and  How 

to  Meet  Them. 
The  Day  of  Rest. 


Suitable  for  Children. 


•Mother's  Last  Words, 
•Village  Children  at  Home. 
•Village  Children  at  School. 
•The  ilappy  Schoolfellows. 
•Our  Father's  Care. 


•The  Starting  in  Life. 
How  to  "Get  On  "  in  Life. 
Household  Rhymes. 
*My  First  Place. 


Series  on  Health. 


How  do  People  Hasten  Death  ? 
The  Worth  of  Fresh  Air. 
The  Use  of  Pure  Water. 
Influence  of  Wholesome  Drink 
The  Value  of  Good  Food. 


Advantage  of  Warm  Clothing. 
Whose  Fault  is  it  ? 
*Never  Despair.  '\ 
"The  Sick  Child's  Cry.  \ 
«Work  and  Play.  ) 

Tlitse  are  also  pxiblislied  in  enamelled  covc7's,  Zd.  each* 


In 
Rhyme, 


A  pleasant  and  profitable  half-hour  may  be  spent  in  reading 
one  of  these  "Household  Tracts;"  and  giving  it  away  when 
read,  may  make  some  one  else  wiser  and  happier. 

In  Seven  Assorted  Packets,  at  One  Shilling  each. 
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POPULAR  TRACTS  ON  HEALTH 


Issued  by  the  LADIES'  SANITARY  ASSOCIATION,  affMated 
xciih  the.'^National  Association for  the  Promotion  of  Social  Science." 


Healthy  Dwellings;  and  Pre- 
vailing Sanitary  Defects.  By 
H.  Koberts,  y.s.A.,  4d. 

Woman's  Work  in  Sanitary 
Reform.  2d. 

Sanitary  Defects  and  Medical 
Shortcomings.  By  Dr.  Lan- 
kester.  2d. 

The  Health  of  the  Parish,  and 
Dwellings  of  the  People.  2d. 

Massacre  of  the  Imiocents.  \d. 

The  Mischief  of  Bad  Air. 

The  Health  of  Mothers.  2d. 

How  to  Manage  a  Bahy.  2d. 

M^hen  were  You  Vaccinated  ?  \d. 

The  Power  of  Soap  and  Water  • 
a  Dream  that  came  True. 


The  Cheap  Doctor:    a  Word 

about  Fresh  Air.  ^d. 
Black  Hole  in  our  Bed-Rooms. 

^d. 

Washing  the  Children.  \d. 

The  Bride's  New  Home.  Id. 

The  Mother.  \d. 

The  Inspector  :  How  to  Get  Rid 
of  Bad  Smells  Without,  and 
Bad  Tempers  Within.  Id. 

Going  to  School.  \d. 

A  Day  iu  the  Country.  \d. 

Lost  and  Found.  \d. 

About  to  Marry.  \d. 

Every-day  Wonders  of  Bodily 
Life.  In  Three  Parts,  2c?.  each. 

The  Secret  of  a  Healthy  Home. 


SCIENCE  FOR  THE  HOUSEHOLD, 

TWOPENCE  EACH. 

This  Series  of  School  and  Home  Books  is  intended  so  to  illustrate 
the  (/rent  fads  in  Science,  as  to  make  the  great  masses  of  the  People 
familiar  with  the  discoveries  of  i)hilosophi/,  as  they  bear  on  the 
circumstances  of  every-day  life,  and  the  commerce,  locomotion, 
and  habitations  of  mankind. 

The  Great  Round  World. 
The  Wide  and  Deep  Sea. 
Busy-Body  Oxygen. 
The  Invisible  Air. 
The  Inconstant  Wind. 
The  Refreshing  Rain. 
Mass  and  its  Might. 
Expansive  Heat. 
Thunder  and  Lightning; 


The  Lightning  Bridled  &  Tamed 
The  Lightning  Harnessed  for 

Useful  Work. 
The    Lightning   Guiding  the 

Mariner. 
The  Raw  Material  of  Life.  Nos. 

I.,  IL,  and  III. 
The  Chemistry  and  Composition 

of  the  Soil, 


NE  W  SERIES  OF  PENNY  TRA  CTS. 


Poor  Betsy  Rayner :  the  Power 
of  Kindness.   By  l\Irs,  Sewell, 

Robin  Gray  :  or  the  Lord  wiU 
Provide. 

Little  Julia :  or,  Early  Glorified. 


Annie's  Walk  to  School. 
"Buy  Your  Own  Cherries!" 

ONE  HALF-PENNY. 

The  Lost  Treasure ,  or  the  Value 
of  the  Bible. 
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SYSTEMATIC  COPT-BOOKS 

Invariably  insure  a  good  Hand^vriting.  Eveiy 
Exemplar  Copy  is  based  upon  a  well-considered 
and  perfect  system,  giving  freedom  in  handling 
the  pen,  and  securing  beautifully  formed  letters. 

1.  ELEME^TTAEY  COPIES. 

Nos.  1  to  4.    3d.  each. 

2.  TEXT,  EOUND,  AJTD  SMALL  HAlfD. 

Nos.  5,  6,  13,  14.  Each  Book  coutaius  Seventy-two 
Copies  on  the  subjects  of  Arithmetic,  Geograjphy, 
and  Grammar.    3d.  each. 

3.  COMMEKOLiL  COPY-BOOKS. 

Nos.  7  and  8.  Including  Business  Letters,  Invoices, 
&c.    3d.  each. 

4.  A  BEAUTirUL  LADIES'  HALTDWEITING. 

Nos.  9,  10,  11.  Including  Poetry,  Astronomical 
Copies,  &c.    3d.  each. 

5.  CUEEENT  SMALL  HAND. 

No.  12.    Copies  in  Scriptm-e  Clu-onology.  3d. 
Fery  superior  Editions  of  all  ihc  above,  at  Qd.  each. 

6.  FAEWELL'S  EAPID  WEITEE,  or  EUOTING- 

HAND  SYSTEM. 

Post  4to.,  price  6d.  ;  Sui)erior  Creain-wove,  9d.  ; 
Post  8vo,  superior  Demy  Drawing,  Is. 

6^=^  An  eight-page  Pamphlet  of  Testmo?iials  to  the  cxcellnicc  of 
this  Writing  Hystrm,  from  practical  educators,  may  he  had,  post 
free,  from  the  puhlishers. 

Londoa :  Jarrold  and  Sons,  12,  Paternoster  Kow. 


IIDDLETON'S  ASTRONOMY, 

AND 

THE  USE  OF  THE  GLOBES, 

Third  Edition,  3s.  Qd., 

Contains  all  the  problems  on  both  globes,  the  greatest 
number  and  variety  of  examples,  and  the  plainest  rules 
of  any  treatise  extant.  A  complete  system  of  Asti'onomy, 
questions  for  examination,  &o. 

A  KEY  TO  THE  PEOBLEMS,  containing 
all  the  Answers,  2s.  Qd. 


IIDDLETON'S  CELESTIAL  ATLAS, 

Beautifully  Coloured,  15s.  /  Plain,  12s.  Qd. ; 

Contains  maps  of  all  the  stars  and  constellations,  with 
corresponding  blank  maps  of  the  stars  only.  A  short 
and  easy  method  of  acquiring  a  practical  knowledge  of 
the  heavens. 

THE  STUDENT'S  COMP  ANION  TO 
THE  CELESTIAL  ATLAS.  Second  Edition, 
3s.  6c?. 


The  above  bducational  works  are  eminently  practical,  and 
are  extensively  used  by  the  author  in  the  metropolis  and  its 
vicinity. 

Kensington,  18G3. 
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